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4 INTRODUCTION. 

The work of the advanced class at the Cavendish Laboratory 
in the department of Heat during the Michaelmas Term, 1884 
consisted mainly in the repetition of some of the classical ex- 
periments in the subject, using, of course, such models of the 
original apparatus as the laboratory could provide. It seemed 
not unlikely that a somewhat detailed account of this work, 
although not original and therefore not suitable for presenta- 
tion to a learned society, might yet fiimish to students in other 
Laboratories information of some value respecting the practical 
difficulties arising, and the effect of neglecting those precau- 
tions which it was beyond the power of the Laboratory or of 
the observer to provide for. 

In the hope that this might prove to be the case, I requested 
the various members of the class to make themselves responsible 
each for the description of one or more of the experiments 
comprised in the syllabus. Results had been in most cases 
obtained during the term by^ several students, working inde- 
pendently with the same apparatus; such results are always 
entered in books kept in the Laboratory for the purpose, and 
it was understood that they were to be incorporated in the 

account, the different observers being indicated by initials. 

1—2 



4 INTRODUCTION. 

It will be seen on reference to the syllabus that the experi- 
ments are not all described. With the exception however of 
No. 6 their arrangement here presented no points of difference 
from the ordinary descriptions in the books. The apparatus for 
No. 6 was not completed until so late in the term that there 
was no time to take observations with it. 

The students very kindly undertook the responsibility and 
wrote the descriptions which are printed below. I have done 
but little by way of editing ; I have however added a few notes 
where they seemed necessary. 

W. N. SHAW. 



Oayendish Laboratory, 
January, 1885. 



SYLLABUS OF ADVANCED DEMONSTEATIONS IN 

HEAT, 1884. 

1. Manufacture and calibration of a mercury thermometer. 

Maxwell, Heat, Chap. iL 
MS. KoHrausch, Phys. Meas. p. 58. 

2. Comparison of mercury and air thermometers. 

Elementary Coiirse, No. 38. 
Balfour Stewart, Heat, Chap. iv. 

Regnault, "Sur la mesure des Temperatures," Mdmoires de 
TAcad^mie, T. XXI. 

3. The weight thermometer. Determination of the coefficient 

OF expansion of glass. 
MS. Regnault (1. c). 

4. Coefficient of linear expansion of a rod. 

Elementary Course \ No. 37. 

5. Coefficient of cubical expansion of a metal by the areombtric 

METHOD. 

MS. Matthiessen, Phil. Trans. 1866. 

6. Coefficient of absolute expansion of mercury. 

B. Stewart, § 51. 

Eegnault, M^moires de TAcad^mie, T. XXI. 

7. Determination of the temperature of maximum density of 

water by Joule^s method. 
Maxwell, Chap. xvii. 

8. Manufacture of an air-thermometer for use at comparatively 

HIGH temperatures. 

MS. 

9. Measurement of high temperatures by the resistance of a 

platinum wire. 
MS. Report of British Association, 1874, p. 242. 

10. Laplace and Lavoisier's Calorimeter. Measurement of the 

HEAT generated IN AN INCANDESCENT ELECTRIC LAMP. 

MS. Maxwell, Chap. iii. 

11. BuNSEN's ICE CALORIMETER. DETERMINATION OF THE SPECIFIC 
GRAVITY OF ICE. 

MS. PhiL Mag. 1871. 

12. Favre and Silbermann's calorimeter. 
Deschanel, p. 442. 

^ Glazebrook and Shaw, Practical Physics^ § 36. 



6 SYLLABUS OF ADVANCED DEMONSTRATIONS IN HEAT. 

13. Measurement op heat by the method op mixture. Determi- 

nation OP THE latent heat OP STEAM. 

Elementary Course i, No. 34. 

Regnault, Memoires de I'Acad^mie, T. XXI. 

14. Measurement op heat by the method op cooling. 

Elementary Course 2, No. 35. 

B. Stewart, § 232. 

Regnault, Ann. de Ch. et Phys. 3 Ser. IX. p. 322. 

Dulong, Ann. de Ch. et Phys. X. p. 399. 

15. CLEMENT AND D^SORMES' EXPERIMENT ON THE RATIO OP THE SPECIPIC 
HEATS OP OASES. 

Masson, Ann. de Ch. et de Phys. 3 Ser. LIII. p. 268. 
Dupr^, Th^or. m^can. de la Chaleur (1869), p. 87. 
Maxwell, Chap. xi. 
MS. 

16. Determination op the specipic gravity op a vapour. Hop- 

Mann's METHOD. 

Kohlrausch, p. 50; (edit. 1883), p. 55. 

17. Determination op the specipic gravity op a vapour. Dumas' 

METHOD. 

Kohlrausch, p. 45; (edit. 1883), p. 50. 

18. Determination op the specipic gravity op a vapour. Victor 

Meyer's method. 
Kohlrausch (edit. 1883), p. 56. 

19. Measurement op the saturation tension op water-vapour in 

VACUO. 

Eegnault, Mdmoires de I'Acad^mie, XXI. p. 481. 

20. Measurement op the saturation tension op water- vapour in 

AIR. 

Elementary Course 3, No. 28. 
Cam. Phil. Trans. 1883. 

21. Dew-point measurement. Vbripication op Regnault's pormula 

POR the wet-and-dry-bulb thermometers. 
Regnault, Ann. de Chimie. 3 Ser. T. XIV. 
Elementary Course*, Nos. 29, 30. 

22. Comparison op the conductivities op iron and copper. 

MS. 

23. Experiments on radiation. 

B. Stewart, Book II., Chap. i. 

• 1 Practical Physics, § 39. « 16. § 40. 

» Ih. § 42. * 76. §§ 43, 44. 



No. 2. JOLLY'S AIR THERMOMETER'. 

In this thermometer the air is kept at a constant volume, 
the pressure required to keep it at that volume measuring the 
temperature. 

The instrument consists of a glass bulb connected by means 
of a capillary tube with a vertical glass tube sliding up and 
down a fixed scale, and connected by means of india-rubber 
tubing with a second vertical tube sliding in front of a second 
scale, the divisions of which correspond with those of the first. 
Let us call the tube bearing the bulb the left-hand, and the 
other the right-hand tube. Since the india-rubber and glass- 
tubings are filled with mercury, we increase or decrease the 
pressure in the bulb, by raising or lowering the right-hand 
tube, and can therefore keep the air at a constant volume 
whatever its temperature. 

The fiducial mark indicating the constant volume is the 
point of a small beak of dark coloured glass sealed to the 
interior of the tube and curving downwards. 

The pressure due to the difiference of level in the two tubes 
together with the atmospheric pressure is evidently the pres- 
sure of the gas in the bulb, and this by Charles' law is propor- 
tional to the temperature measured from — 273** C. 

The chief differences between Jolly's Thermometer and other 
instruments working on the same principle consist in increased 
facilities for reading. Small metal slides are placed on the 
tubes, which being pushed up until they exactly coincide with 
the top of the mercury, are more easily seen than the mercury 
column itself. Another improvement consists in the scales 
being marked on silvered glass. The reflection of the slide in 
the glass when exactly covered by the slide itself insures the 
horizontality of the line of sight and therefore the reading of the 

^ The instrument was supplied by Stollnreuther und Sohn. Munich. 



8 JOLtiY's AIR THERMOMETER. 

correct scale division*. The india-rubber tubing is also an 
improvement; in other instruments the pressure is altered by 
pouring in mercury or letting it out through a tap at the 
bottom of the tube, or by a screw adjustment. 

To work the instrument it is necessary to know the coeffi- 
cient of expansion of air, this can however be experimentally 
obtained by means of the thermometer itself. 

First, it is of the utmost importance that the air in the 
bulb be perfectly dry, the slightest amount of moisture will 
by its vapour tension vitiate the results obtained. The air is 
therefore pumped out and the bulb refilled by air which has 
been passed slowly through drying tubes containing caustic 
potash, calcium chloride, and phosphoric anhydride, and lastly 
through a cotton-wool plug to stop any dust which may be 
carried over; the pumping should be continued for three or 
four days'. 

[The bulb is cemented into an iron socket provided with a 
three-way tap. When dry and filled with dry air the bulb is 
attached by means of the socket to the manometer and all the 
air in the left limb of the latter driven out there by the third 
opening of the tap.] 

The bulb is next placed in melting ice which has been 
previously well-washed. As the pressure of the air diminishes 
the mercury rises, and, if care be not taken to lower the right- 
hand tube, flows over into the bulb, a result to be carefully 
avoided as it is extremely difficult to get the last traces of 
mercury out. When it is thought that the air has acquired the 
temperature of the ice^ the level of the right-hand tube is altered 
(first, by sliding the whole piece up or down, then more care- 
fully with the micrometer screw) so as to bring the mercury up 
to the glass index in the bulb tube. The instrument is then 
left for a short time and if no change takes place in the mercury 
levels, readings may be taken ; if a change does occur the tem- 

^ The scale mast first be set vertical. This may be done by means of a 
plumb line. 

^ With the instrument in question a Sprengel pump was used, and before the 
end of the operation the mercury left the glass-tubing so highly oharged with 
electricity as to give a spark a quarter of an inch in length. 

^ After half an hour. 



jolly's air thermometer. 9 

perature has not yet become constant, and the operation must 
be repeated until it is found that no change of level occurs. 
The slides are then brought up to the tops of the columns and 
the scales read off. The operation is repeated at intervals of a 
few minutes and the mean of five or six such readings may be 
taken as the correct reading. 

It is important for accurate readings that the meniscus 
should retain the same shape; to effect this the motion of the 
mercury columns immediately before each reading should be in 
the same direction. For example, if the mercury in the left- 
hand tube has been brought up to the index before the first 
reading it should not be brought dovm to it before any other 
reading. Should it be necessary to lower it, it must be taken 
lower than the index and then brought up to it. 

The difference of height when in ice having been ascer- 
tained, the bulb is now placed in a hypsometer over boiling 
water and the same operations gone through. In this case, 
however, it is well to introduce a screen between the hypsometer 
and the manometer, as the steam blowing across the mercury 
columns alters their temperature and therefore their height also. 
The pressures at 0° and at the temperature of boiling water 
being now known, it is necessary to introduce corrections (1) for 
the expansion of glass, (2) for the volume of the capillary tube 
(which may be taken to be at the temperature of the room) 
compared to that of the bulb. 

The coefficient of expansion of glass is obtained with a small 
weight thermometer made of the same glass as the instrument, 
and obtained with it (see No. 3). The ratio between the 
volumes of the bulb and capillary tube is ascertained by direct 
observation. 

The coefficient of expansion of air is calculated from the 
following equation 

Where \ is pressure, when in ice, 

h^ „ „ steam. 



10 jolly's air thermometer. 

T the temperature of the steam, 
t „ „ „ air, 

V 

— the ratio of volumes of bulb and tube, 

V 

g the coefficient of expansion of glass. 

After a has been obtained from this formula, the instrument 
can be used to determine temperatures, by taking readings in 
ice and then at the temperature to be determined; T can then 
be found by substituting in the above equation. 



Examples: 


To determine a. 




In Ice, 


Right 


Left 




229 


218 




228-9 


217-8 




228-9 


217-8 




228-9 


218 




229 


217-8 




228-9 


217-8 



228-95 217-86 

Barometer 754*87, Temp. 156, Corrected pressure 752*98, 
Temp, of room 166. 

Uncorrected difference 11 '09. Corrected 11 057. 

In Steam, Right Left 

551-5 274 

551-4 274 

551-5 2741 

551-5 2741 

551-5 2741 

551-5 274-1 



551-48 274-07 



Barometer 768*97, Temp. 14^ Corrected pressure 767-22, 
corresponding B. P. 100-266, Temp, of room 14*4. 

Uncorrected difference 277*41. Corrected 276*687. 

Therefore, h, = 764037, t = 16*6, during 1st experiment. 

A, = 1043-907, =14-4 „ 2nd 
r= 100*266, 



jolly's air thermometer. 11 

g was given by the instrument maker as "00002749, 

/. a = -0036764. (W. H.) 

To compare with mercury thermom^eter. 
Heated in bath of zinc-chloride. 

Right Left 

Mean 6076 531 

Barometer 757*92, Temp. 15*8, Temp, of room 165. 
Corrected pressure 1308*53, f = 16*6, 1st experiment, 

= 16-5, 2nd 
h^ (from former experiment) 764037, 
A,= 1308-53, .-. r= 196-74. 
Correction of mercury thermometer is therefore — 2*26. 

W. HiRD. 
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No. 3. DETERMINATION OF THE COEFFICIENT OF 
EXPANSION OF GLASS BY MEANS OF THE 
WEIGHT THERMOMETER. 

The apparatus consists of a small glass flask^ (Fig. 1) of 
from 20 cc. to 25 cc. capacity. The neck of the flask is drawn 
out so as to terminate in a moderately fine tubulure. A portion 
of the glass a at the bottom of the neck is ground, so that the 
tube h which surrounds the neck may fit securely. 

Fig. I. 




The first thing to be done is to thoroughly clean the flask, 
by successive rinsings with nitric acid, potash, and water. The 
flask is gently heated over a flame, and then the neck is 
quickly immersed in nitric acid. As the flask cools the 
nitric acid is forced into it by atmospheric pressure. In order 
to get the acid out again the apparatus figured below (Fig. 2) 
must be used. It consists of a narrow glass bell-jar, /8, cylin- 
drical in shape, and closed at the top by a well-fitting caoutchouc 
cork. The latter is perforated in three places, so as to allow of 
the passage of two bent tubes T and P, and also of a funnel jF, the 
latter provided with a glass tap N, A thick-walled india-rubber 
tube connects P with a Geissler water-pump; T is also fitted 



Supplied by Cetti, 36, Brooke Street, Holbom, E.C. 



14 DETERMINATION OF THE COEFFICIENT OF EXPANSION OF 

with a similar tube, which for the nonce is closed by a clamp C, 
Inside the glass cyliuder is a small tripod, which supports the 




flask in the manner indicated. On producing a vacuum in the 
cylinder flf, the acid is forced out into the beaker. The flask is 
filled with potash by means of the same apparatus ; the neck 
of the flask being allowed to dip under the surface of a solution 
of potash contained in a beaker. And so with the washing 
with water, which latter operation must be repeated several 
times. The flask must then be dried. To this intent the 
tube T is made to communicate with a series of U tubes filled 
with fused chloride of calcium, and 8 is surrounded by steam by 
placing it in a hypsometer. A vacuum is produced, the clamp 
C opened, and the apparatus allowed to fill with dry air*. This 
must be repeated many times. When the flask is dry and has 

^ It is very convenient to introduce a 3-waj tap between P and the pump. 
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been weighed accurately — call its weight IF— it is so placed in 
S that the tube of F opens into the tube 6 surrounding the 
neck. Clean and dry mercury is poured into F. When as 
good a vacuum as possible is attained, mercury is allowed to 
flow slowly into the tube 6 by slightly turning the tap If. By 
alternately letting in a small quantity of dry air, and exhaust- 
ing, the flask will be almost completely filled with mercury. 
The jar containing the flask should be tilted while the mercury 
is entering to avoid the isolation of bubbles of air against 
the bottom or sides of the flask. A small bubble of air will 
of course remain in the flask, and generally shows itself 
at the base of the neck of the flask. When its size has 
been reduced as much as possible, the flask is withdrawn from 
8 and gently heated over a sand-bath until the mercury by its 
expansion has expelled the bubble, and fills the whole flask. 
This being the case, more mercury is poured into 6, so that its 
surface may stand considerably above c ; and the flask is allowed 
to cooP. It is then placed in a funnel and surrounded by well- 
washed ice — care being taken the while, that the mercury never 
is allowed to sink below the level c. When it has been in the 
ice some time and been reduced to temperature zero, the tube 
b is lifted off for an instant, and the mercury surrounding the 
neck of the flask allowed to run off. The tube is then re- 
placed, the whole apparatus lifted out of the ice, dried thoroughly 
and weighed accurately. This weighing gives the weight of the 
flask, plus the weight of mercury it contains at zero. Let it be 
denoted by w. The apparatus is then suspended by means of 
a wire cage in a hypsometer, and heated thoroughly to the 
temperature of the issuing steam. Call this temperature t The 
apparatus is removed from the steam, the mercury which has 
collected in b is run off, the apparatus is thoroughly dried, 
allowed to cool to the temperature of the room and again 
weighed. Let the weight now be w'. This is evidently the 
weight of the flask, plus the mercury which it contains at f. 



^ The appearance of mercnry in contact with a perfectly clean dry glass 
vessel is so characteristic that it is easy to teU whether or not the flask has been 
properly filled. 
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w - Tr=the weight of mercury in flask at 0**, 

w-W= atf, 

w — W— [w'—W] __ f apparent expansion of mercury in 
(w'—W) xf "" ( glass per degree \ 

But, expansion of glass = absolute expansion of mercury — 
apparent expansion, and as the absolute expansion of mercury 
is known from Regnault's tables* to be '00018153 per degree 
for the temperature interval 0* — 100^ the expansion of glass of 
which the flask is made can be easily found. 

Weight of thermometer + mercury at 0^ = 343'235 grs. 

= 22-8815 gi-s. 

Weight of mercury contained in thermometer 

atO' = 320-3535 grs . 

Weight of thermometer + mercury at 995'' ... = 338*3525 grs. 

= 22-8815 grs . 

Weight of mercury contained in thermometer 

at99-5« = 315-4710 grs. 

Apparent expansion of mercury per degree 

_ 320-3535 -315-471 

315-471 X 99-5 

= 00015554 

Absolute expansion of mercury per degree 

= -00018153 (Regnault). 

Hence expansion of glass per degree, for temperature interval 

0<>_99-5' = -00018153 - 00015554 

= -00002599. 

D. J. Carnegie. 

1 [This equation neglects a small fraction. The following is a strict method 
of deducing the coefficients of expansion. 

Let X= weight of meronry in the flask volume V at 0^, 

X'= , r at 19, 

p, p' the density of mercury at 0® and 19 respectively, 
cCf y the coefficients of expansion of mercury and glass ; 

then X=Vp, r=Vy=V{l + yt)^^; 

X-r _ {a-y)t 

•*' r " i+7t • 

In the text l+yt is regarded as heing equal to unity.] 

^ Begnault's observations have been re-calculated by Wiillner (Pogg. Ann. 
CLm., p. 440) with the result of giving '00018163 the mean coefficient of absolute 
expansion of mercury between 0^ and 100*^. 
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No. 5. MATTHIESSEN'S METHOD FOR THE DETER- 
MINATION OF THE DENSITY OF WATER AT 
DIFFERENT TEMPERATURES. 



This method consists in determining the loss of weight in 
water at different temperatures of a piece of glass whose mass 
is known. Supposing we know the rate of expansion of the 
glass we can thus calculate the expansion of the water. 

If the glass for instance were first weighed in water at its 
point of maximum density and the water were then heated, the 
apparent weight of the glass would be found to increase. If 
for a moment the expansion of the glass were neglected this in- 
crease would be due to the fact that, the density of the water 
being less, the volume of the water which the glass displaces 
would have less weight, and thus a smaller fraction of the 
weight of the glass would be supported by the upward thrust 
of the water. The fact that thp glass also expands tends to 
diminish this apparent increase of weight because it increases 
the volume of the water displaced. By means of the weighings 
we find the actual increase of the apparent weight, which is 
due to the excess of the effect of the expansion of water over 
the effect of the expansion of glass. We know already the 
expansion of the glass and so also its effect, and can thus find 
at once what is the effect of the expansion of water alone. 

The reason for selecting glass for this purpose is that its 
expansion is very small, and thus any error in its actual value 
would have little effect on the accuracy of our results. It is 
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obvious that if we suppose the law of expansion of water known 
the same method enables us to find the expansion of glass or 
any other substance not affected by water. 

For a complete explanation of the theory see the paper by 
Matthiessen in the Philosophical Tra'iisactions, 1866. See also 
Balfour Stewart's Heat. 

The following is a short description and explanation of the 
method employed in the Cavendish Laboratory. 

We shall first describe the apparatus employed there. 

To begin with we have an accurate balance capable of weigh- 
ing to milligrammes. This balance is supported on a shelf 
which is attached to a chimney. One of the scale-pans is re- 
moved, and to the arm is attached a fine German-silver wire. 
A piece of this wire at the lower end, part of which is always 
immersed in the water in which the weighing takes place, is 
considerably finer than the rest, being only "004 of an inch in 
diameter. The wire is led through a hole in the floor of the 
balance, continued through the shelf on which the balance 
stands. To the end of the wire is attached, by means of a 
groove near one end, the piece of glass whose weight in water 
is to be determined. This piece of glass is of a cylindrical 
form, its length being large compared with its diameter. The 
length of the wire is such that when the arm of the balance is 
horizontal and weighing is going on the piece of glass does not 
touch the bottom of the vessel containing the water in which it 
is weighed. This vessel is a glass cylinder, whose height is 
such that when it is nearly full of water the swinging of the 
balance will not pull any part of the piece of glass above the 
surface of the water; while at the same time only a very short 
length of the German-silver wire is immersed. This glass 
cylinder is placed inside a jacketed copper vessel. The interior 
of the copper vessel is filled with water to such a height as to 
immerse the glass cylinder as far as may safely be done without 
risking its being floated about. Water is also put inside the 
jacket of the copper vessel, which is in shape cylindrical, and is 
provided with a lid. The lid consists of two semicircular 
separate pieces, which can be put off or on at pleasure. 
They also are jacketed, and can by means of tubing have their 

2—2 
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interiors connected with the jacket of the copper cylinder, so 
that any steam formed in it can circulate also through them. 
When both put on, the semicircular pieces completely close in 
the copper vessel, save for three holes, half of each hole belong- 
ing to each semicircular piece. 

The central hole is that through which hangs the German- 
silver wire with its attached piece of glass. This hole is large 
enough to permit of its also being the means of enabling a 
thermometer to have its bulb immersed in the water contained 
in the glass cylinder while its stem projects through the lid. 
The thermometer is supported on a stand placed on one of the 
halves of the lid, and it is fixed in the stand so that its bulb is 
at the same level as the piece of glass immersed in the water ; 
care being taken that the German-silver wire is quite free of 
the thermometer stem, of the stand supporting it, and also of the 
circumference of the hole. 

The thermometer stem should be long enough to permit of 
the head of the mercury column being above the lid, while its 
bulb is immersed, at the various temperatures of the experi- 
ment ; for it is not desirable to remove the lid more often 
than necessary, lest particles of dust should find their way into 
the water and cling to the piece of glass, altering also the tem- 
perature. Thus if the range of temperature is to be great it is 
best to employ two thermometers, the one for the low tempera- 
tures, the other for the high. The former of course is removed 
when it is found desirable, and the latter is substituted. This also 
obviates the evil of having a long thread of mercury in the 
thermometer, at an uncertain temperature, above the lid of the 
copper vessel, and so causing an error in the temperature read- 
ings. While if during a considerable range of temperature the 
head of the mercury column were below the lid there would be 
a continual source of error, owing to its not being possible to 
get the eye to the same level as the head of the mercury 
column without pulling the bulb of the thermometer out of the 
water. The actual zeros of the thermometers have been deter- 
mined and their errors are known. 

Of the two remaining holes in the lids, the one is for the 
handle of a stirrer, which carries a flat metal plate of the shape 
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of a crescent, which is used to stir the water surrounding the 
glass cylinder. The shape is such that it covers a considerable 
area near the glass cylinder, and so can keep the temperature 
of the surrounding water very uniform without any risk of its 
coming against the cylinder itself, which would be apt to cause 
the cylinder to float. This hole may also be used for enabling 
the water inside the glass cylinder to be stirred by a long glass 
rod. 

The object of the third hole is to permit the steam formed 
inside the copper vessel to escape. It is provided with a 
chimney, formed of a bent tube, which is moveable and can 
be placed so as accurately to cover the hole. The other end of 
the tube is bent so as to pass into the chimney behind the 
balance- shelf The only communication between the interior of 
the chimney and the outside is by a small hole made in a 
moveable wooden door which accurately fits the fireplace. It is 
through this small hole that the bent tube from the copper 
vessel passes. The chimney has a good draught, increased by 
means of a gas jet, and so carries off the steam which other- 
wise might condense on the part of the German-silver wire 
above the copper vessel, and so vitiate the weighings. 

The copper vessel is heated from below by one or more 
Bunsen burners supplied with gas from the nearest main. The 
supply of gas may be regulated so as to cause the temperature 
to rise uniformly or to remain sensibly constant as the experi- 
menter chooses. 

A further requisite is a clean glass rod with which to re- 
move any bubbles that may be formed in the glass cylinder 
and cling to the piece of glass. Unless the light be very good 
it is also desirable to have a lamp which may throw a strong 
light when required inside the copper vessel, so that the 
experimenter before weighing may be certain there are no 
bubbles left. The lamp and the stand for the thermometer 
are placed on the one half of the lid of the copper vessel, which 
half need never be moved. The other half should be removed 
as seldom as possible. There need be no occasion for doing so 
except immediately before each weighing when bubbles are to 
be looked for. 
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Method of conducting the experiment 

Take as much distilled water as may be required and boil 
it thoroughly, keeping it boiling for some time, say 15 or 20 
minutes. It may then be cooled to the temperature of the 
room by surrounding the containing vessel with cold water. 
The glass cylinder in which the piece of glass is to be weighed 
is then filled with the water to the desired height. Some of 
the water should remain over, and may be used if required to 
supply the place of the water lost through the steam arising 
from the glass cylinder during the heating process. 

Supposing the copper vessel supplied with the proper amount 
of water and the stirrer, thermometer, &c. in their proper f)laces 
the experiment may then begin. 

For some time before each observation the stirrer is to be 
employed, care being taken not to make the water in the 
copper vessel splash over into the glass cylinder. When the 
thermometer indicates the temperature at which an observation 
is to be made the supply of gas may be regulated so as to keep 
the temperature fairly constant. The piece of glass is then 
examined for bubbles; these being removed and the half lid at 
once replaced an accurate weighing is made. This determines 
the excess of the weight of the piece of glass over that of 
the water displaced. Since the variation in this excess is very 
small it is only a question of finding how many milligrammes 
or centigrammes, as the case may be, must be added to an 
already known weight. Thus the observation may be made 
rapidly, which is of importance, especially at high temperatures, 
when there is more risk of bubbles attaching themselves to the 
glass. It also diminishes any error that might arise from a 
variation in the temperature. 

The expansion of glass may for our present purpose be de- 
termined with sufficient accuracy by the following method. A 
rod of glass of about 50 centimetres long is placed inside a glass- 
tube of somewhat greater length, and of 4 or 5 cm. bore. There 
are two scratches on the glass rod, perpendicular to its length 
near the ends. The rod rests on two pieces of cork, so that the 
scratches are on its upper surface. The ends of the glass-tube 
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are closed by corks, through each of which is passed a small 
piece of glass-tubing and also a thermometer. One of these 
pieces of glass-tubing is connected with a boiler, from which 
steam can be passed into the tube, the other piece commu- 
nicates with a condenser. By means of the steam the glass rod 
may be heated to a determinate temperature. The expansion 
of the rod between the initial temperature and the final is 
fouild by means of two reading microscopes, one for observing 
the position of each of the two scratches on the rod. By means 
of these we can find the increase of the distance between the 
two scratches, and by means of a centimetre scale determine 
the initial distance. The linear expansion for one degree of 
temperature may then be calculated, since the whole rise in 
temperature is known ; and the cubical expansion may be taken 
as three times the linear. 

For a full account of the method see Glazebrook and Shaw's 
Practical Physics, § 36. 

The following is a statement of some of the results ob- 
tained: 

Weight of piece of glass in air 18*648 grammes. 
Coefficient of cubical expansion of glass taken as -0000237. 



I. 



Corrected 
temperature. 


Weight of glass 
in water. 


Loss of weight 
in water. 


Density of water 

after making 

correction for 

the expansion 

of glass. 


10 


9-129 


9-519 


-99974 


20 


9139 


9-509 


•99845 


30 


9153 


9-495 


•99676 


40 


9-174 


9-474 


•99431 


50 


9-229 


9-419 


•98828 


60 


9-256 


9-392 


•98521 


65 


9-295 


9-353 


•98100 


75 


9-354 


9-294 


•97456 


85 


9-401 


9-247 


•96940 


94 


9-437 


9-211 


•96528 
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The lowest temperature of observation being 10^ the density 
there has been in the above calculation assumed to be '99974. 



11. 



Corrected 
temperatnre. 


Weight of glass 
in water. 


Loss of weight 
in water. 


Density of water 
after making 
correction for 

the expansion 
of glass. 


18 


grammes. 
9135 


grammes. 
9-513 


•99897 


22 


9^14 


9-508 


•99831 


24 


9-145 


9-503 


•99773 


26 


915 


9-498 


•99715 


28 


9-155 


9-493 


•99658 


31 


9-16 


9-488 


•99600 


345 


917 


9-478 


•99485 


37 5 


9^175 


9-473 


•99442 


43 


9-2 


9-448 


•99150 


54 


9225 


9-423 


•98862 


60 


9^25 


9-398 


•98585 


70 


9-32 


9-328 


•97826 



UL 









Density of water 


Corrected 
temperature. 


Weight of glass 
in water. 


Loss of weight 
in water. 


after making 
correction for 
the expansion 








of glass. 




grammes. 


grammes. 




16-2 


9-132 


9-516 


•99927 


23 2 


9-143 


9-505 


-99795 


347 


9-164 


9-484 


•99601 


38 


9-195 


9-453 


•99215 


47^8 


9-215 


9-433 


•98981 


614 


9-287 


9-361 


•98192 


74-5 


9-352 


9-296 


•97480 


93-4 


9-449 


9-199 


•96416 



THE DENSITY OF WATER AT DIFFERENT TEMPERATURES. 25 



Summary. 





Density of 
water 






Density of 
water 




Gorreoted 


corrected for 


Observer. 


Corrected 


corrected for 


Observer. 


temperature. 


expansion 
of glass. 




temperature. 


expansion 
of glass. 




10 


•99974 


J.T.K. 


40 


•99431 


J. T. K. 


16-2 


•99927 


G.B. 


43 


•99150 


0.0. 


18 


•99897 


CO. 


47-8 


•98981 


I. F. 


20 


•99845 


J. T. K. 


50 


•98828 


J.T.K. 


22 


•99831 


CO. 


54 


•98862 


0. 0. 


23-2 


•99795 


G.B. 


60 


•98521 


J.T.K. 


24 


•99773 


0.0. 


60 


•98585 


0.0. 


26 


•99715 


0.0. 


61-4 


•98192 


IF. 


28 


•99658 


0.0. 


65 


•98100 


J.T.K. 


30 


•99676 


J. T. K. 


70 


•97826 


0. 0. 


31 


•99600 


0.0. 


74-5 


•97480 


I. F. 


34-5 


•99485 


0.0. 


75 


•97456 


J.T.K. 


34-7 


•99601 


G.B. 


85 


•96940 


J.T.K. 


37-5 


•99442 


0.0. 


93-4 


•96416 


I. F. 


38 


•99215 


I. F. 


94 


•96528 


J.T.K. 



C. Chree. 



No. 7. DETERMINATION OF THE POINT OF MAXIMUM 
DENSITY OF WATER. JOULE'S METHOD. 



Water and liquids the chief constituent of which is water 
diflfer from all other liquids in having a point of maximum 
density, that is, a temperature such that both cooling and 
heating therefrom produce change of volume in the same direc- 
tion, namely dilatation. The point of maximum density of 
water having been chosen as the standard for comparison of 
densities, the exact determination of the temperature at which 
this point is reached becomes of great practical importance. 
Many different experiments have been made for this purpose, 
and the results obtained by different methods agree fairly well 
amongst themselves. The different methods employed can be 
divided into two main classes. 

1. An accurate knowledge of the coefficient of expansion of 
some solid is necessarv. 

a. The indications of a water thermometer are compared 
with those of a mercury thermometer (Delie and Dalton's 
method). 

6. A solid is weighed in water and the temperature deter- 
mined at which the loss in weight is greatest (Hallstrom's 
method). 

c. The variation in weight of a quantity of water filling 
the same vessel at different temperatures is determined (Blagden 
and Gilpin's method). 

2. The change in density is determined by the convection 
currents produced. 
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a. A thermometer inserted near the bottom of a tall cylin- 

• drical vessel filled with water and cooled in the middle part by 

some surrounding ice will after some time indicate a stationary 

temperature, which will be approximately that of the maximum 

density. (Hope's method.) 

6. Joule and Playfair's experiment for determining the 
point of maximum density of water is also based on this second 
general method. They devised an apparatus and a mode of 
working which greatly improved on Hope's and gave means of 
attaining the utmost accuracy. The velocity of the convection 
currents set up in two tall cylinders communicating with each 
other by two channels, one at the top and one at the bottom, 
when filled with water and kept at different temperatures was 
measured. A glass float is put into the channel at the top, and 
the velocity of the current is measured by the motion of this 
float relative to a scale fixed at the back. A set of values for 
the velocity of the current was thus obtained, the mean tempe- 
rature of the two vessels being dififerent, and chosen so that in 
at least one case the current went in the opposite direction 
from that in the others. With these values a curve was con- 
structed, from which the mean temperature at which the velocity 
of the current would be zero can be deduced. This is the tempe- 
rature of maximum density. A description of the apparatus 
used, the mode of working and the results obtained, will be 
found in the paper by Joule and Playfair, Phil, Mag,, series 3, 
vol. XXX. page 41. 

The apparatus used in the Cavendish Laboratory for deter- 
mining the point of maximum density of water by this method 
is constructed on the same principle as that originally used by 
Joule and Playfair, and has also the same dimensions. To guard 
against rapid changes of temperature firom outside it is wrapped 
round with hemp. A small tube runs down along the side of 
each vessel, with which it communicates through some holes. 
Thermometers graduated to ^ degree Centigrade and reading 
with accuracy to ^ are suspended in these tubes by means of 
strings. The freezing points of these thermometers were re-deter- 
mined, and a suitable correction for the zero reading applied to 
each reading taken. 



28 DETERMINATION OF THE POINT OF MAXIMUM 

Joule's original method of working is slightly modified, as 
instead of measuring the velocity of the current produced, the 
temperatures are so adjusted that no current is produced on 
making communication at the top and bottom between the two 
vessels. The water in the two vessels must then clearly have 
the same density, and the mean temperature of the two will 
give the point of maximum density. The assumption made 
here is, that the mean coefficient of expansion in the range 
of temperature taken above and below the point of maximum 
density is the same. To ascertain the presence and direction, 
or absence of a convection current the following plan of working 
is adopted. The water is well stirred, the slide at the top 
opened to allow the two levels to equalise themselves, then shut 
again and the water stirred again. An exact reading of the 
temperature in each vessel is then taken, the stopcock in the 
lower channel opened, the slide at the top carefully removed, 
the float put into the middle of the top channel and its motion 
watched. 

The experiment was carried on at the ordinary temperature 
of the laboratory (about 16° C.) and the water cooled by putting 
ice into it till the temperature of the one was somewhat above, 
that of the other below 4°C. Care had to be taken not to make 
any observations before all the ice was melted, as otherwise on 
opening the slide at the top local currents would have been set 
up there, which might altogether have hidden the eflfect of 
those looked for. For the same reason the water must always 
be kept well stirred. A movement of the glass float at the top 
on opening the stopcock and slide indicated by its direction in 
which of the two vessels the water is denser, the direction of 
the convection current being from denser to lighter in the lower 
channel, from lighter to denser in the upper channel. By 
either increasing or decreasing the density of the water in one 
side, two temperatures can be obtained at which the density 
is the same. The change in density is effected by either using 
some ice or some warm water. According as to whether the 
water is above or below its temperature of maximum density 
the change in density produced by cooling or wanning is 
reversed. 
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The best way of working in carrying out the experiment is 
to lower the temperature of the water in one vessel to near the 
freezing point, and then to adjust that in the other to a tempe- 
rature such that no current is produced. The temperature of 
the colder water is then allowed to rise slowly by taking in heat 
from the surrounding air, and that of the other is cooled by ice. 
Another value for two temperatures, at which the density is the 
same, is thus obtained, these two last being nearer together; 
the process is repeated and a set of values nearer and nearer to 
each other is got. The mean temperature of the two vessels is 
taken in each case as that of the maximum density. 

Some of the results obtained by this method are : 
I. 





Temperature of A 
(thermometer No. 34, 
F. P. reading- +-1). 


Temperature of B 

(thermometer No. 34, 

F. P. reading = + -06). 


Mean 
temperature. 


Observed 


Corrected 


Observed 


Corrected 


1. 


temp. 


reading. 


temp. 


reading. 






6-2 




2-4 


4-3 


2. 




5-9 




2-6 


4-25 


3. 




6-0 




2-7 


4-35 



II. 



Temperature of maximum density (mean of 3) = 4*30. 

(j. T. K.) 



1. 

2. 
3. 


Temperature of A 
(thermometer No. 34, 
F. P. rftaaing=+-l). 


Temperature of B 
(thermometer No. 34, 
F. P. reading =+-06). 


Mean 
temperature. 


Observed 
temp. 


Corrected 
reading. 


Observed 
temp. 


Corrected 
reading. 


7-4 
6-8 
6-4 


7-3 
6-7 
6-3 


1-2 
1-9 
2-2 


115 
1-85 
2-15 


4-23 
4-28 
4-23 



Temperature of maximum density (mean of 3) = 4*25. 



30 THE POINT OF MAXIMUM DENSITY OP WATER. 

This value is somewhat too high, and the error can at least 
in part be accounted for by the following two circumstances : 

(1) The water used was not pure. There was a great deal 
of iron-rust in suspension, and it probably contained also some 
impurities in solution. 

(2) The sensitiveness was not sufficiently great, as was 
shewn by a separate experiment undertaken for the purpose of 
determining the degree of sensitiveness. This consisted in 
ascertaining the least difference in temperature which would 
give a current noticeable by the motion of the bead. The result 
obtained was that at 10*8° a difference of temperature of 0*2° 
between the two vessels produced a decided current. This cor- 
responds to a difference of density which at 4° is only attained 
by a difference of temperature of about 0*4" C. The limit of 
error is therefore 0'4°C., a value much larger than what it 
ought to be. 

Ida Freund. 



No. 8. ON THE MANUFACTURE OF AN AIR THERMO- 
METER FOR RAPIDLY INDICATING COMPARA- 
TIVELY HIGH TEMPERATURES\ 

A LONG, uniform glass tube has a bulb blown near to one 
extremity, both ends being left open, and is bent round at right 
angles to itself at a distance of about two or three inches from 
the commencement of the bulb. 

It is first carefully cleaned, by connecting the long end with 
the aspirating pump, and drawing consecutively acids and potash 





=^»<SD=;n 




Fig. 3. 



Fig. 4. 



into the bulb, and then allowing them to run down the tube, 
afterwards well washing with spring water and distilled water. 

When this operation is complete, the free end is connected 
with a series of calcium chloride tubes, and air is passed through, 

^ Compare Berthelot's instrument. 
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while the bulb and the tube are warmed with a spirit lamp to 
facilitate the drying. 

As soon as it is completely dry, the drying tubes are re- 
moved, and a small glass tap is connected with the open end 
of the bulb by a short piece of india-rubber tubing, which has 
been previously well washed and dried. 

The lower end of the tap is introduced into a si&all beaker 
of pure, dry mercury (at a known temperature), and the pump 
being again put in action, the small tap is slightly turned, 
and the mercury allowed to ascend slowly into the bulb. As 
soon as it reaches the neck of the bulb the tap is shut off, and 
the thermometer disconnected from the pump by slipping off 
the connecting tube. 

The beaker is now removed, and a second beaker, whose 
weight has been previously determined, is placed under the tap, 
which is turned on, and the mercury allowed to sink through 
the whole length of the bulb, being stopped at exactly the point 
at which it is intended to seal off the bulb. The quantity of 
mercury that has fallen through is weighed, and thus we deter- 
mine the weight of mercury at the temperature of the experi- 
ment, which is required to fill the bulb, and hence deduce the 
volume of the bulb. 

To find the volume of any length of the tube, the bulb end 
of the instrument is connected with the air-pump, and the tap 
fastened on to the other end. When a sufficient length of 
mercury has run in the tap is turned off. After the length 
of the column introduced has been measured off, by placing the 
stem of the thermometer over a scale (the reading of which 
may be afterwards corrected with the beam-compass), it is 
dropped into a beaker and weighed as before. 

The cleaning and drying processes have now to be repeated 
— with the utmost care\ The instrument should first be well 
washed with nitric acid, to remove any small particles of 
mercury which may have adhered to the inside. 

In drying, the air is caused to pass first through calcium 
chloride, and then through phosphoric pentoxide tubes. This 

^ The facility of motion of mercury in a narrow glass tube depends very 
greatly upon the glass being perfectly clean and dry. 
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operation must be allowed to go on for a considerable time, and 
meanwhile the bulb and tube be thoroughly heated. 

Two little stoppers, each consisting of a short piece of india- 
rubber tubing, having one end closed with a small glass rod, are 
got ready, and as soon as the thermometer is perfectly dry, it is 
disconnected from the pump and drying tubes, and a stopper is 
put on to each end. 

The end of the bulb is now sealed up. The instrument is 
mounted vertically on a stand, with a scale alongside the stem 





Fig. 6. 

(for convenience in determining the boiling point, and the melting 
point of ice, the arm holding the bulb is bent down to an angle 
of about 45° with the stem). A small beaker of pure mercury 
is put underneath, and the stopper withdrawn from the end of 
the tube, beneath the surface of the mercury. 

The bulb is heated in a large Bunsen flame till it begins to 
get red — on allowing to cool the mercury rises in the stem. 
The instrument is thus filled with air which is under a pressure 
nearly equal to that of the atmosphere at the highest tempe- 
rature for which it can be used, but at ordinary temperatures 
the pressure is of course smaller. Before graduating the instru- 
ment, a diamond scratch is made upon the stem as a reference 
mark. 

The temperatures 0° and 100° 0. are obtained by putting 
the bulb in a funnel of melting ice and in a steam jacket. 

s. 3 
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The height of the barometer and the temperature of the 
room are observed at the time of the determination. 




Fig. 6. 

A tube is used to allow the steam to escape — it should issue 
very gently. 

Observations for graduation : 

Wt. of mercury which fills the bulb at 15° = 113-460, 

Vol. of 113-46 grms. Hg at 0° = 8-346 c. c, 

.-. atl5°0. = 8.368c. c. 

Length of column introduced into tube = 2815, 

Weight of this = 5-8055, 

.-. wt. of 1 cm. = -2062 at 15" 0. 

= -2067 at 0" C. 

.-. vol. of 1 cm. 0152 cc. 
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Determination o/0° C. and 100° C. points. 
(Means of several readings.) 





Barometer 
(oorreoted). 


Temperature 
of room. 


Mark 
on glass. 


Snr&ceof 
mercoiy. 


100°C. 

o^c. 


759-7 
755-94 


14-36 
16-02 


31-96 
31-96 


20-18 
31-07 



F. Montagu-Pollock. 

Temperatures up to the softening point of glass (about 
500° C.) may be conveniently determined with very considerable 
accuracy by the method employed by Eudberg and Regnault to 
determine the coefficient of expansion of air. The method in 
the form it naturaUy takes for a class experiment consists in 
exposing to the source of heat a glass bulb with a neck drawn 
out to a fine point. The extremity of the neck must project 
from the hot enclosure, the rest of the instrument can be 
brought to the temperature it is required to measure. When 
this is done the extremity of the neck is sealed by a blowpipe 
flame and the bulb is withdrawn, allowed to cool, and weighed, 
let the weight be w^. The end of the neck is then broken oflF 
under water or mercury, and the liquid allowed to enter until 
the pressure in the interior is equal to the atmospheric pressure. 
The nozzle is closed with wax while the bulb is being with- 
drawn from the liquid, and the bulb with the mercury or water 
which it contains is weighed again, taking care that the glass 
broken off is collected and added, let this weight be w^. The 
bulb is then completely filled with the liquid and re- weighed — 
let this third weight be w^. 

Then, supposing that the atmospheric pressure at the time 
of sealing off is the same as when the nozzle is broken off under 
the liquid, it is evident that a volume of air corresponding to 
a weight w^ — w^ of the liquid has by expansion at constant 
pressure, namely, the atmospheric pressure, filled the bulb at 
the high temperature. 

3—2 
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Its volume (not allowing for the expansion of the glass) 
would correspond to the weight w^ — w^ of liquid, we therefore 
have, if ^ be the unknown high temperature, and t the tempe- 
rature of the air and liquid at the time of the experiment, y the 
coefficient of expansion of glass 

when a is the coefficient of expansion of air at constant pressure. 
This plan of measuring temperature works very weU in 
practice. It is of course necessary that the bulb should be very 
thoroughly dried before being used. The precautions described 
by Regnault {M4m, de Vlnst T. xxi.) are in general unnecessary 
unless extreme accuracy is required. Some results obtained by 
various observers with this method are appended. 

(W. N. S.). 
TABLE OF KESULTS. 



Kind of Bulb and 
Source of Heat. 


Weight 

of 
empty 
bulb. 


Weight 

of bulb 

partially 

filled. 


Weight 

of 
filled 
bulb. 


Temp. 

of 
liquid. 


Calcu- 
lated 
temp, of 
source. 


Observer. 


Soft glass in Bunsen 
Flame. 

»» 

Hard glass in 
Bunsen Flame. 

Paraffin bath at 

2000 C. by Mercury 

Thermom. 

at 1970 C. 


6-5805 

6-191 

24-335 

4-589 

4-9291 


14-415 
14-199 
33-514 

8-434 

9-8441 


19-713 

18-469 

38-4174 

14-308 

17-7256 


13«-6 

16^ 

22° 

13° 
14° 


457°a^ 

531° 

607°-2 

201° 

194°-8 


F.M.P. 

LF. 

G.HT>.« 

A.S.E. 
J.T.K. 



^ The glass softened in the flame, and the bulb collapsed somewhat after sealing. 
« July, 1886. 



No. 9. AN ELECTRIC PYROMETER 



Dr C. W. Siemens selected as the subject for his Bakerian 
Lecture, 1871, the effect of temperature on the resistance of 
metals, and a short notice of his results is given in the Proceed- 
ings of the Royal Society, April 1871. His experiments ranged 
between freezing point and 1000° C, and gave rise to an 
empirical* formula, which differed from that suggested by Dr 
Matthiessen, but satisfied the results of the latter observer 
obtained solely at lower temperatures. Siemens' formula is 

R = a Jl-Y I3t + 7, where R is the resistance of the coil at 
absolute temperature t, and a, /S, y are constants, which vary 
for different metals. An account of the pyrometer as generally 
in use is given with diagrams in the Brit Assoc. Reports for 
1876. The resistance is measured differentially with a volta- 
meter, and the result, is easily obtained by means of a slide 
rule suitable for rapid and practical determinations of tempera- 
ture. 

A number of observations were made with an instrument 
supplied by Messrs Siemens, Bros., which in practice is exceed- 
ingly convenient, but in consequence of its large dimensions 
and the massiveness of the iron case in which it is enclosed it 
was not found possible to determine the constants of the instru- 
ment, and in consequence the following experiment was arranged 
with a view of obtaining the values of the constants for 
platinum. 

^ The fonn in which the formnla is cast was suggested hy a consideration of 
the ciroumstances upon which the variation of resistance is likely to depend. 
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To determine the temperature of a small glass cylinder in 
a Bunsen flame by msans of an electric pyrometer, 

A fine spiral wire of platinum was enclosed in a cylinder of 
white German glass about three inches in length. This plan 
was adopted because the action of the flame upon the resistance 
of the wire when unprotected is not yet ascertained; some 
previous determinations made it seem likely that this influence 
was very considerable. The ends of the platinum wire were 
passed through a screen, which secured stability, and were 
then connected with a Wheatstone's Bridge in order to measure 
the resistance. The coil was first inserted in a Bunsen flame 
suflSciently large to envelope the whole, and was screened from 
draughts of air. The glass bent under its own weight when red- 
hot, but the resistance became fairly constant after about a 
quarter of an hour, and a maximum resistance was measured. 

The coil was next inserted in melting ice and also in steam 
at temperature 100°'6C. Two other determinations of the 
resistances at higher temperatures, 154° and 202°'5, were ob- 
tained with the coil in a bath of paraflin; the former was taken 
so as to furnish a test equation, and was not so accurately 
observed as that at the higher temperature. 

It has been observed^ that wires exposed to high tempera- 
tures are liable to a variation in resistance after cooling, either 
of increase or decrease. In order to determine any change of 
this kind, the platinum spiral was again inserted in steam at 
temperature 100° C, an interval of three weeks having elapsed 
since its insertion in the Bunsen flame, and an increase of one- 
hundredth of an ohm was found, or a change of one in a 
thousand. 

Temperature Determination, — The same mercury thermo- 
meter was used throughout the experiments and finally com- 
pared with an air pyrometer, and with Jolly's air thermometer. 
The most trustworthy result* gives the reading of the mercury 
thermometer as 2°*3 in excess of the air thermometer at 199° C, 
and the temperatures 154°, 202°*5 must therefore be corrected 
to 152° and 200°'2 C. This result agrees satisfactorily with that 

1 BHU Assoc, Reports, 1876. » See p. 11. 
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obtained by calibrating the mercury thermometer and apply- 
ing Regnault's corrections approximately \ The reading of a 
mercury thermometer exceeds that of an air thermometer 
at 200''C. by an amount varying from one to five degrees, 
depending on the kind of glass used in manufacture. In this 
case the calibration error amounted to 5° in excess at 208° C, 
and the mercury thermometer probably reads 2° or 3** higher 
than the air thermometer at this temperature. Thus, if both 
were accurately calibrated, the corrected value of 202°*5 is from 
199°'5 to 200°'5 ; and the experiment with Jolly's air thermo- 
meter gave 200°-3 C. 

Valvss of the Constants, — The values of a, ^, 7 as found by 
Dr Siemens are 003937, 0002164, and - 02413, where it is to 
be observed that 7 is negative. The values obtained by these 
experiments are — '0023, •001466, and 6905, where a is nega- 
tive and 7 is positive. Although these are entirely different 
from those obtained by Siemens, they satisfy the test equation 
within the limits of the combined errors of observation and 
variation of resistance, namely, one-hundredth of an ohm. It 
was afterwards found that a small hole was fused in the glass 
cylinder by the Bunsen flame, and that paraffin had entered and 
surrounded the wire, but apparently without vitiating the 
results. A possible source of slight error is the fact that red- 
hot glass ceases to be a non-conductor and a correction may be 
necessary for the resistance in the Bunsen flamed The values 
of the constants without applying corrections for the mercury 
thermometer are 

a =004807, /8= 001267, 7 ='5274, 

which agree more nearly with those given by Siemens than the 
values finally obtained. 

The uncorrected temperature obtained is 986° C, whilst 
the corrected value is 941° C*. This result might be compared 

^ M&nwires de VAcad4mie, Tom. xxi. 

3 Glass conducts as an electrolyte at a temperature below that of fusion. 
Encycl Brit.y Art. Electrolysis. Buflf. Ann. de Chimie (3) xm. p. 126, 1864, 
gives results for the resistance between the interior and exterior of a tube 
of glass. Its effects in this case would be inappreciable. 

^ [This result is very much too high. Siemens' constants give the value about 
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with those obtained by means of Favre and Silbermann's 
calorimeter\ Although the diiference in the results is large, it 
must be remembered that the experiments with the calorimeter 
were to determine the temperature of a small piece of metal 
after being cooled by a fall of a foot through the air, and the 
loss of heat from a small piece of metal must be very great 
under such circumstances. 

ResnUs. 

Temp. Cent 0^ 100°-6 152° 200°-3 f 

Eesistance in ohms ... '95 109 116 123 228 

The values of the constants are determined from the first, 
third, and fourth columns, and when supplied in the equation 
formed from the data of the third, give the resistance as 
1*16 ohms. Thus the diflference is within the limits of the 
observation errors. 

The final equation is 

2-28 = - -0023 Ji+ -001456^ + -5905, 

and the value of the temperature of the glass in the Bunsen 
flame is 941° C. 

A. S. Eve. 

470^ C. for the temperature, which is probably not far from right. As a matter 
of fact the curve representing the variation of resistance of platinum tnth 
variation of temperature is very nearly a straight line, and the results obtained 
by assuming Siemens* formula and determining the constants by observations at 
comparatively low temperatures may be very wide of the truth in consequence 
of small experimental errors. This subject has been lately taken up and worked 
out in the laboratory by Mr H. L. Gallendar, of Trinity College. W. N. S.] 
1 See p. 67. 



No. 10. LAPLACE AND LAVOISIER'S ICE-CALORI- 
METER USED FOR MEASURING THE HEAT 
GENERATED IN AN INCANDESCENT ELECTRIC 
LAMP. 

Blace^ who discovered and investigated the phenomena of 
latent heat and specific heat, introduced also the two most 
important methods for measurmg quantities of heat. The 
effects of heat on bodies, on which these methods are based, 

are: 

1. Rise of temperature, 

2. Change of state. 

In applying the second method he determined the amount 
of heat lost by a known mass of the body examined in cooling 
through a certain range of temperature, or, in changing its state, 
by the amount of ice converted by it into water at the same 
temperature as the ice. 

For this purpose he used a clear transparent block of ice in 
which a hole had been made and which could be covered over 
with another flat piece of ice. The body to be examined was 
then introduced into the cavity, which had previously been 
carefully dried, and left there till it had come into thermal 
equilibrium with the ice. No communication of heat from out- 
side could take place, as the only effect produced by the heat of 
the surrounding atmosphere is to melt some of the ice on the 
outer surface of the block. 

Laplace and Lavoisier made use of the same method for 
measuring quantities of heat, but they somewhat modified the 
working of it. A description of the apparatus employed by 
them and of the experimental details will be found in Oeuvres 
de Lavoisier, V6L ii. p. 283, or in Memoires de FAcademie des 
Sciences, 1780. This modification of Black's original process 
does away with the necessity of procuring a perfectly clear 
block of ice of suitable size, which is not always easy, but on the 
other hand some sources of error are introduced, from which 
the first is free. 
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The advantages and disadvantages of the method in general 
can be summed up in the following way. 
Its advantages are : 

1. The quantity of ice melted is a very precise measure 
of the quantity of heat employed to produce this effect. 

2. No heat is lost by conduction or radiation to a surround- 
ing vessel and the atmosphere. 

3. There is at most only one measurement of temperature 
necessary. 

Its disadvantages are : 

1. The latent heat of ice is very great, so that unless the 
amount of heat to be measured is great the quantity of ice 
melted will be small, and any slight error in the estimation of 
the water produced will introduce a comparatively great error 
into the final result. 

2. There are two inevitable sources of error : 

I. Some water always adheres to the surface of the 
ice. This is the case at the beginning and end of the experi- 
ment, and if these quantities of water were the same in both 
cases the amount of water collected would not be influenced by 
it. This depends however entirely on the relative arrange- 
ment and on the surface of the pieces of ice, and since, owing 
to the melting of some of it, both these conditions vary during 
the course of the experiment, the amount of water retained at 
the end will probably not be the same as that retained at the 
beginning. It is impossible to compensate for this error. 

II. Conduction of heat from outside takes place. Since 
the air contained in the vessel is at temperature zero, it will 
in general be denser than that of the surrounding atmosphere. 
When the tap which lets off the water is opened this air sinks 
together with it and its place is taken by some fresh air enter- 
ing through the lid at the top. This air has to pass through 
the exterior layer of ice where it is cooled. If however the 
change takes place quickly it cannot be prevented from carry- 
ing some of its heat on to the ice in the middle vessel, thus 
increasing the amount of water melted and making the final 
result larger than what it ought to be. Some conduction also 
takes place through the material of the tap leading to the 
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inner vessel. The greater the excess of temperature of the 
surrounding air over that of the freezing point, the more 
siensible does this error due to conduction from outside become. 
It can however be corrected for by taking " the rate of drip," 
that is determining the amount of water melted during a cer- 
tain interval of time when the calorimeter is left to itself, 
without any hot body in it. From a knowledge of the rate of 
drip and the time during which the real experiment lasted, the 
amount of ice melted during this time owing to conduction 
from outside can be calculated, and this value has to be sub- 
tracted from the total amount of water formed. 

It follows from these considerations that this method can 
only be advantageously used for measuring large quantities of 
heat which are suflScient to melt a considerable quantity of ice. 
In this case the water adhering to the surface of the ice will 
only form a small fraction of the total weight of water col- 
lected, and this error will therefore not materially affect the 
result. 

In the following experiments to be described the ice-calori- 
meter was used to measure directly the heat generated in an 
incandescent electric lamp. The current running through the 
lamp was measured absolutely, and from 1;he two values thus 
obtained, namely, (1) The heat generated in unit of time by 
the current, (2) The strength of the current, the resistance of 
the heated lamp was calculated. 

The arrangement made in carrying out the experiment was 
the following: 

A calorimeter like that described by Laplace and Lavoisier, 
consisting of three concentric copper vessels, was used. The 
inner and middle vessel have very tightly shutting lids. The 
wires leading to the lamp contained in the inner vessel pass 
through the middle of the first lid and then through narrow 
tubes going vertically upwards through the middle of the 
second*. These tubes reach to just above the height of the 
outer vessel. The whole calorimeter is enclosed in a wooden 

^ It would appear from the observations that some conduction of heat took 
place along these copper tubes, and it would therefore be advisable to modify 
this arrangement in future experiments. 
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box, the space between the two being tightly packed with 
kieselguhr. The two taps at the bottom and the end of the 
tubes carrying the connecting wires at the top are wrapped round 
with cotton wool so as to reduce the conduction from outside 
to a minimum. This was done with such good success that on 
one occasion when the day was cold, the tap leading to the 
inner vessel was left open for about twenty minutes and only 
two or three drops of water escaped, whilst the melting of the 
ice in the outer vessel was very slow also. When the apparatus 
had been filled with well- washed small pieces of ice, it was left 
for some time with both taps open for the ice to get well 
drained and for the apparatus and lamp to come into thermal 
equilibrium with it. As soon as one felt sure that both these 
conditions were fulfilled the rate of drip was taken. Ten or 
fifteen minutes are in general a sufficiently long time for col- 
lecting the water due to melting by the heat conducted from 
outside, but this depends of course on the actual amount of 
drip. The wires leading to the lamp were then connected, 
through a key and some arrangement for measuring the current 
absolutely, with the source of the electromotive force. The 
lamps used in the experiment were either 20 volt or 55 volt 
lamps. In working with the 20 volt lamp a secondary battery 
was used for giving the electromotive force, whilst in the case of 
the 55 volt lamp this was supplied from a dynamo-machine. 
The current was measured by the amount of copper deposited 
on the kathode of a copper-sulphate cell, in some cases also 
by the deflections of a Helmholtz tangent galvanometer or a 
Thomson's graded galvanometer. The current was allowed to 
run for an hour in the case of the 20 volt lamp, for half an 
hour in that of the 55 volt lamp. It took a considerable time 
for the lamp to be entirely cooled down and for the ice to 
drain after the circuit had been broken, and to make sure that 
this point had been reached the rate of drip was taken again 
at the end of the experiment and its value compared with 
what it was at the beginning. The two ought to be identical. 

If W is the weight in grams of water collected in if 
seconds, the current having been on for t seconds, and w is the 
rate of drip per second, then the heat generated in time t in the 
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lamp is 

fi'=(Tr-w^) 79-25, 

where 79*25 is the value taken for the latent heat of ice. 

Also if 7 is the current, Jt the resistance of the heated 
lamp, 

J ' 
from which it follows that 

HJ 

Substituting the value for H into this equation it becomes 

o (W - v/t') 79-25 . J 

IC = a— . 

7 . t 

This expresses the current and resistance in absolute units. If 
the ohm and ampere are used instead the value is given by 

J. _ {W-wt'). 79-25, J 

If the current is measured by electrolysis of CuSO^, its strength 
expressed in arapferes is 



7 = 



t . -00325 . 10 



,-1' 



where x is the amount of copper deposited in time t and 
'00325^ the electro-chemical equivalent of copper. 

The results obtained by this method in five experiments 
were : 

^ The eleotro-ohemical equivalent of copper as determined by the actual 
amount of copper deposited is not quite identical with this. Lord Rayleigh 
(Phil. Trans. 1884) gives '2936 as the mean of three experiments to compare the 
equivalents of silver and copper, using platinum bowls for the deposit and a 
current of from ^ to j ampere. We have obtained by experiments in the 
Laboratory, using platinum wires to receive the deposit (the current for each 
wire varying from ^th to ^ ampere), the value 3*402 as the ratio of the electro- 
chemical equivalent of silver to that of copper {Brit. Assoc. Rep. 1886). Taking 
Lord Bayleigh's value of the electro-chemical equivalent of silver in G. G. S. 
units == *0111794 we get the electro-chemical equivalent of copper in the same 
units '003286 for the wires and '003282 for the bowls. W. N. S. 
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No. 11. BUNSEN-S ICE CALORIMETER. 

This consists of a test tube A (6g. 7), fused into a lai^r 
tube B, to which is sealed a tube G. The calorimeter is filled 
in the following manner : sufficient mercury is put in to cover 
the joint a: (fig. 7), and enough water to prevent boiling away. 



Fig. 7. 
A fiame is then placed under a and the open end of the calori- 
meter under boiling water in the beaker B, and the whole boiled 
for an hour and a half; so that the calorimeter is now full of 
steam. The flame at a is now drawn away, hence the boiling 
water is drawn up into the calorimeter. The calorimeter ia then 
filled up with mercury ; thus there can be no trace of ab left 
in the instrument'. 

' The following description of the method of filling the calorimeter, token 
from the Laboratory book, gives some additional details. 

The calorimeter has first to ba filled with toiloi water and mercutj. 

For this purpose it is arranged as in the annexed sketch, the smaller tube 
dipping into a beaker of water kept constantl; boiling. Enough mercor; is 
introdnoed into the calorimeter to cover the glass joint at a (Fig. 7), then the 
instrnmsnt is inverted and soffioient water introduced to pierent its running 
dry during boiling. 

It ia advisable to surround the calorimeter abont the point a with wire- 
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A cork, through nhich a long tube J) is passed, is fitted into 
the tube C so that it is air-t^ht, thus the excess of mercury is 



Pig. a 

The lamp is then to' be taken awaj from A, and aa the steam oondensea the 
calorimeteT beeomeB filled with boiled water. There is generally a small babble 
of air loft in the bend at the top of the tnbe b. This can be got rid of by 
jadicionaly tilting the calorimeter on taking its nozzle oat of the water. 

When filled in this way with boiled water the calorimeter is ready for 
freezing, after a capillary tnbe has been fitted to it. Great care most be taken 
to insure the oork carrying the capillary tnba fitting very exactly into the 
calorimeter tnbe. The cork ehonld be first bored and the hole filed ont, and 
then the cork shoald be carefnlly filed cylindrical, and of proper size to go into 
the calorimeter tube when very shghtly greased. When the tnbe and cork are 
ready the stem of the calorimeter mnst be filled up with mercnry nntil the cork 
can be pnshed in without Itaving any air between the mercury and the oork. 
In conseqnence of the oork being pnshed farther in, the mercury runs along the 
capillary tube; a beaker ahonld be placed to catch any that ia driven ont of the 
end, and should be kept in that position during the freezing. 

The A'eezing is managed in a manner very similar, and indeed practioallj 
identical with, that given by Bunsen {Phil. Mag. 1871). The arrangement of 
the apparatus may be seen by the ^ure {Fig. 8). The calorimeter is first rednoed 
to (fC. by immeraion in melting ice in a glass jar. The ice is then removed 
from the jar, in order to enable the observer to see the formation of the loe on 
the tnbe of the calorimeter. To prevent circulation of air, and consequent loss 
of heat, the calorimeter is kept surrounded by the jar, and the mouth of the 
jar kept dosed with wadding. A current of meOiylatad spirit is then sent 
thiongh the teat tnbe A, and the spirit is made to flow by the tnbe arrangement 
shewn in the figure from the box F to the boi Q through the tube A by means 
of the aspirating pnmp, the connection to which is brought up to the nozzle 1 
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expelled through the tube D. The whole is then fitted on to a 
board, to keep the parts of the instrument firmly together, and 
is now ready for use. The position of the end of the mercury 
in the tube D is indicated by the gi'aduations on paper fastened 
on the board behind the tube. 

The water in the calorimeter is then frozen. To do this it 
is placed in melting ice to reduce its temperature to (f C. This 
is then removed, and a current of cold methylated spirit is made 
to circulate through the test tube A from a freezing mixture of 
ice and salt. 

Two vessels, F and 0, surrounded by the mixture are con- 
nected to the test tube by glass and india-rubber tubing, and 
also to a four-way tap K. The tubing from the calorimeter 
passes to the bottoms of the vessels, the tops of the vessels are 
connected to the tap (fig. 8). The action of the tap is such that 

of the four-way tap, K, When the box F is emptied the plug of the tap is turned 
through a right angle, and the exhaustion takes place in F while G becomes 
open to the air, and in consequence the methylated spirit flows back from G to F. 

By this means if the boxes F and G are kept immersed in a well made 
freezing mixture the water in the calorimeter may be frozen until a pear-shaped 
mass of ice is formed round the test tube T. Care must be taken not to freeze 
so much water that the apparatus bursts. 

It sometimes happens that the water refuses to freeze however long the 
flow of methylated spirit be continued; this may arise from the freezing mixture 
not being properly made and mixed. 

After a convenient mass of ice has been formed the instrument is made 
ready for use by withdrawing all superfluous methylated spirit from T by means 
of a pipette and blotting-paper. 

While the calorimeter is being used it must be kept surrounded with well 
washed and pounded ice to prevent any melting due to heat from the outside. 
It is possible that in spite of this precaution the mercury index may move, in 
consequence of some difference of temperature of fusion of the ice inside and 
outside. Any such motion should be quite regular, and may be allowed for in 
the observations. 

The measurements may be made in two ways. 

(1) The amount of heat required to move the mercury index through a 
definite length may be calculated from the known specific gravity of ice and the 
diameter of the thermometer tubing used. 

(2) The instrument may be empirically graduated by using a known mass 
of water at a known temperature. 

If solid bodies are to be dropped into the test tube A a plug of asbestos or 
cotton-wool must be first placed at the bottom of the tube, otherwise it may bo 
broken. 

S. 4 
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air may be drawn from one vessel and supplied to the other 
alternately by turning it into two positions at right angles. 
The air is drawn through by a water-puinp. In the figure air is 
being drawn from F and supplied to (?, thus the spirit is driven 
from to F through the test tube A of the calorimeter. When 
jP is full and G empty, the tap is turned through a right angle, 
and thus air is drawn through and supplied to F, and the 
current of spirit reversed. By this means, if the freezing mix- 
ture be well made up, the water round the test tube is soon 
frozen, and will be noticed by the mercury rushing through D 
into a beaker placed at the other end, to catch what flows over, 
and to prevent all the mercury rushing back into the calori- 
meter when the spirit is removed, before it is ready for use. 

When the supply of ice is sufficient the freezing mixture 
is removed, and the methylated spirit drawn out of the test tube 
by means of a pipette and dried by blotting-paper. The calori- 
meter is again surrounded by melting ice to keep it at O^C, 
and the beaker then removed: it is now ready for experiments. 

In the experiment 10 c.c. of water at the temperature of 
the room was dropped into the test tube A to bring the 
position of the end of the mercury on to the scale, and the 
reading was then 699 ; 10 c.c. more were then dropped in from 
a burette (temperature 15*2 C), the reading was 65*2. Whence 
we see that one division on the scale = 10 x 15*2/4'7 heat units. 
There were then in the calorimeter 20 c.c. of water at O^C, 
and the scale reading 65*2. It was found that the motion of 
the mercury was so slight that it might be neglected. 

One cubic centimetre of strong sulphuric acid, temperature 
16*7 C, was then added, and the mercury moved 8*2 divisions 
along the scale, and afterwards Ice. more moved mercury 
6*6 divisions. The specific heat of the sulphuric acid was taken 
to be '343 ; a correction was made for the temperature of the 
acid. The specific gravity was found to be 1'83, thus its per- 
centage composition is 92 (Thorpe's Quantitative Analysis, p. 376), 
Thus the heat of combination of water and sulphuric acid was 
calculated, the mixtures being in the proportion of 100 parts 
of water to (1) 5 parts*, (2) 10 parts*, of sulphuric acid. The 

* By volume. 
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results gave 262'6 units as the heat of combinations of 1 c.c. 
of acid with 20 of water, and 463*8 units as the heat of com- 
bination of 2c.c. of acid with 20 of water. Since the water 
in the calorimeter is pure and air is expelled from it, the water 
will not freeze unless the freezing mixture is well made up, 
and suflScient to reduce the spirit to — 10** C. 

In one experiment the water did not freeze, although the 
spirit was kept circulating through the test tube for more than 
an hour, and a coating of ice was formed round the outside of 
the calorimeter. It was then wrapped in cotton-wool to keep 
the heat out, the current stopped, and a thermometer placed 
in the test tube. It was then seen that the water had been 
below — 5® C. A series of readings were then taken, correspond- 
ing to a series of readings on the thermometer, as the calorimeter 
gradually heated to 0**C. A reading was also taken with the 
same thermometer in melting ice and at the temperature of the 
room. 

If in filling the calorimeter it had been weighed empty, 
and then, when the water, and afterwards, when the mercury 
had been put in, it would have been easy to calculate from the 
results obtained the expansion of water below 0^ C. 

For if g, m, w be the expansions of the glass, mercury, and 
water, (?, Jf, W their respective weights, 

where A; is a constant and 8 the difference between the readings 
on the scale. Then we know g and m, and we can easily find 
k, whence we can find w. 

However, knowing four expansions, we can calculate the 
others. 

For, if 5^1 Wj Wj «! ^r J ... be known expansions, 

(i5,-flrJff-h(A:5,-m,)Jif+(A:*i-Wi)Tr=0, 
and two similar equations. 

Eliminating Q, M and W we have 



ks^—g^ ks^-^m^ ks^'-w^ 
^z-ffs A;5,-W3 ks^-w^ 



= 0. 



4—2 
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This is an equation to find k. Also when we know k, we have 

ks^—g ks —m ks —w =0; 
ks^ — ^j ks^ — rWj ks^ — w^ 
ks^ — g^ ks^ — m^ ks^ — w^ 

from this we can find w for the different temperatures. 
A few of the readings^ taken are : 

Thermometer contained in the Corresponding reading of the 

test tube of the calorimeter. scale of the calorimeter. 

o ^ o 

-3-5C 41 

-30C 32 

-2-5C 25 

-20C 18 

-1-5C 12 

-IOC 6 

-0-5C 1 

OOC --2-5 

In ice. — 44 

At temp, of the room. 

15-2 82 

15-8 100 

15-9 103 

Taking the expansion of glass *000025 

mercury 000179 

per degree of temperature, and substituting in the above equation, 
we obtain values for w ; but the calculation is rather long, and 
does not give very good results. It is thought that the tempe- 
rature of the mercury is not uniform throughout and the same 
as the water, as the mercury is heated much sooner than the 
water. In the instrument for this purpose it would be better to 
be without the tube 0. 

J. T. Knight. 

^ These readings are interesting as giving evidence that the ezpaQsion of 
water is continued when the temperature is reduced below the freezing point. 
But as the rise of temperature was probably due in great part to conduction 
along the mercury, the numbers cannot be expected to give measurements of the 
coefficient of expansion. 
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This instrument, of which an account may be found in 
Jamin's Cours de Physique, Vol. ii. or Witz' Cours de Manipula- 
tions de Physique, depends on the assumption that when a 
quantity of heat enters a mass of mercury the expansion is 
proportional to that quantity of heat. It is desirable to use 
as large a mass of mercury as possible, since by that means 
the increase in the temperature of the instrument in any one 
experiment may be rendered insensible. Favre and Silbermann 
used a calorimeter containing about 250 kilogrammes; but 
for laboratory models one-tenth of that quantity will suflBce ; 
the instrument here described would only hold about 16 kilo^ 
grammes. 

The calorimeter used here consists of a spherical iron shell, 
cast in the mechanical workshop, 5 inches in diameter and \ inch 
thick. This shell is provided with three holes; into one is 
screwed a receiving tube of iron (like a test tube), which pene- 
trates beyond the centre of the shell and which is only about 
0*25 mm. thick, so that the hot bodies introduced may readily 
give up their heat to the mercury ; the second hole, which is 
small, is the one to which the capillary reading tube is attached; 
this tube is sealed into a steel collar and screwed down to the 
shell, and it is also bent at right angles so that the part in which 
the expansion is measured can be placed horizontally against a 
millimetre scale; in the third hole a, screw works, by means of 
which the position of the end of the mercury column can be ad- 
justed in the reading tube\ 

^ With this instrument it was found necessary to use a tube of small bore 
^about i mm.). This makes it necessary to pay very great attention to the 
cleaning and drying of the tube, to avoid as far as possible the sticking of the 
mercury. 
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The calorimeter was filled as far as possible through the 
opening in which the adjusting screw works; this screw was 
then replaced and the whole heated to nearly 300^ C, so as to 
drive out the air that might have been clinging to the inside 
of the shell ; while this was going on, the filling up was com- 
pleted by means of a funnel fitted into a cork and screwed 
down on the hole for the reading tube, which was at the highest 
point of the shell ; when the filling was nearly completed the 
shell was moved about so as to dislodge any air still clinging 
to the adjusting screw or round the receiving tube. 

The instrument was then placed in a wooden case and 
packed round as completely as possible with fossil meal to 
preserve it from change of temperature ; the reading-tube was 
attached and adjusted to a scale. During the experiments all 
except the mouth of the receiving tube was covered up with 
tow. 

In making the experiments the hot body was shot straight 
into the receiving tube, in which a quantity of mercury was 
placed, so as to conduct the heat rapidly to the sides of the 
receiving tube, and so into the calorimeter; but if the hot 
substance is one that acts on either iron or mercury, a glass 
test tube is inserted in the receiving tube and kept there 
against the buoyancy of the mercury by means of a cork collar 
in the mouth of the receiving tube. It was found necessary to 
keep a cork collar in the mouth of the receiving tube in all 
cases, so as to minimise the loss of heat caused by the hot body 
coming into contact with that part of the iron tube which is 
outside the body of the calorimeter. 

The method of experimenting was as follows : 

(1) The position of the end of the mercury thread in the 
reading tube was noted every 5 minutes. 

(2) When suflBcient readings had been taken to render it 
possible to deduce the law of variation due to outside influences 
the hot body was introduced. 

(3) The reading tube was again observed as soon as possible 
and readings were taken, usually at intervals of 1 or 2 minutes, 
until the law of variation due to external causes could be 
estimated. 
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Thus by combining the results of (1) and (3) the necessary 
correction could be applied, as in the following example : 



Time. 


Scale reading. 


0' 


840" 


5' 


88-0 


10' 


920 ■ 


15' 


96-0 


16' 


4580 


17' 


294-7 


19' 


2970 " 


20* 


299 


22' 


3010 ■ 


24' 


302-0 


27' 


304-0 



Mean diflTerence 
for 1 minute. 



0-8 



Hot body introduced. 



0-88 



Thus the average correction is 084 mm. per minute. 

Between 10' and 20' mercury moves 299 — 92 mm. = 207; 
deduct 0*84 x 10 for external heating, and this leaves 207 — 8*4 
= 198*6 mm. as effect due to hot body. 

Thus if the weight, and the original and final temperatures 
of the hot body are known, its specific heat can be calculated 
when the heat value of the scale divisions is known, and this 
was obtained by using a known weight of mercury heated to 
about 100^ C. 

In the above table it will be seen that when the hot body 
was introduced the mercury rushed forward 362 mm. in the 
tube, and then almost immediately withdrew 163'3 mm. ; this 
outrush and subsequent contraction is due to the sudden heating 
and expansion of the receiving tube, which speedily parts with 
its heat to the surrounding mercury, hence the contraction. 

Some trouble was experienced in graduating the instrument 
owing to the diflBculty of conveying the mercury from the 
hypsometer in which it was heated to the calorimeter ; this was 
at last managed by enclosing the mercury in three test tubes, 
thig giving three thicknesses of glass, and two air spaces for 
the heat to pass through. The inner test tubes were kept 
steady by means of cork collars at their ends, and the three 
were fastened together and fixed in a cork, to which was attached 
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a handle of copper wire. By means of this arrangement 
the temperature of the mercury remained constant near the 
boiling point when withdrawn from the hypsometer for 15", and 
then began to fall, when cooling effect had penetrated, at the 
rate of 0*2° C. per 15". The entire series of operations of 
removing the cork from the receiving tube, reading the tem- 
perature of the hot mercury, removing the thermometer, 
carrying the mercury to the receiving tube and pouring it in, 
and replacing the cork, was always completed in less than 1 
minute, so that the reading tube could be observed ; thus the 
hot mercury was not exposed much, if any, beyond the 15" 
during which its temperature had been proved to remain 
steady. 

It will be seen later that these precautions were probably 
not sufficient to guarantee the mercury arriving in the calori- 
meter at the temperature of the steam. It is not unlikely that 
it was cooled considerably in passing over the cooler part of the 
test tube. 



Table of Experiments. 



Exp. 



A 
B 
C 
D 
E 
F 
G 



Substance 
used. 



Mercury . . . 



j> 



Platinum 
Mercury . . . 



» 



Platinum 



99 





Initial 


Weight. 


tempera- 


, 


ture. 


50-28 g. 


QQ^'-S C. 


5345 „ 


99^-6 „ 


3-502 „ 


99^-6 „ 


60-59 „ 


98"-8 „ 


100-37 „ 


65^-0 „ 


23-24 „ 


98^-2 „ 


23-24 „ 


99^-2 „ 



Final 
tempera- 
ture. 



13^-4 C 

14»0 „ 

14H 
140.4 



79 
9} 



14*-9 
140.4 

14^-9 



» 






No. of 
divisions 
of calori- 
meter 
scale 
moved 
over. 



195 
203-5 
59-0 
222 
215 
170 
152-5 



Correction 


Scale 


for 


divisions 


external 


corre- 


tempera- 


sponding 


ture 


to one 


variation. 


heat unit. 


61-6 


0-922 


420 


1-060 


46-0 


1-35 


35 


1-098 


16-8 


1-187 


84 


1-363 


68-4 


1-325 ' 



The specific heat of Platinum was taken as 0*0324, that of 
Mercuiy 0333. 
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In the above experiments it will be noticed that the results 
obtained from mercury increased at each fresh attempt, and 
this was due to successive improvements in the method of 
preventing loss of heat. In experiment A, owing to want of 
practice, several seconds were wasted in pouring the hot mercury 
into the receiving tube ; in B, this was done much more ex- 
peditiously ; for D, the cork collar was introduced into the 
mouth of the receiving tube, thus preventing loss of heat by 
contact with the cold iron ; while in E, a larger quantity of 
mercury was heated to 65*^ C. instead of to nearly 100" C, the 
cork collar being retained, thus the loss of heat was still further 
reduced. 

In all these experiments however the mercury had to flow 
over the cooler parts of the inner test tube, of which about two 
inches towards the mouth were not exposed to the steam of the 
hypsometer, being surrounded by cork and the string used in 
fixing the three tubes firmly together ; and thus owing to the 
large extent of the surfaces in contact, the glass must have 
cooled the mercury appreciably. The platinum experiments 
agree fairly well together, and it is easy to see that the loss of 
heat must be less than for the mercury, for the solid platinum 
would shoot more rapidly out of the test tube into the receiving 
tube, and further, the surface in contact with the cooler parts 
of the test tube while passing out would be much less than in 
the case of a liquid like mercury ; evidently also the cork collar 
would be less necessary for the platinum ; it was used in F and 
G but not in C, which gives a result very nearly the mean be- 
tween Fand G. 

Attempts were also made to estimate the temperature of 
copper and platinum heated in the Bunsen flame by means of 
this calorimeter. To do this a piece of platinum or copper wire 
was coiled up and placed on a support about 12 inches above 
the mouth of the receiving tube ; through this coil a piece of 
fine platinum wire was passed leading vertically down to the 
receiving tube, in which its lower end was kept by means of a 
platinum weight. A screen was placed below the little coil, 
and the Bunsen flame was allowed to play on it until it was 
at a steady white heat ; the screen was then removed, the cork 
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withdrawn from the receiving tube, and the coil was pushed 
off its support, and being guided by the fine wire it fell right 
into the receiving tube, and the cork was replaced. In the first 
and third of the following experiments some time was lost in 
replacing the cork, and thus they both give a lower result than 
the second, and as this cause of error was about the same in 
both these cases they agree fairly together. 



1st Experiment. — Platinum used. Weight of platinum 
3'502 grammes. Final temperature of calorimeter 15^*2 C. 
1*345 scale divisions correspond to 1 heat unit. 

This number is the mean of the three previous experiments 
on platinum. 

00373 = specific heat of platinum from 0' to 1000" C. 

Observations on Calorimeter. 



Time. 


Beading tube. 









12 \^ Qain per 


1'" 




5 


25 ) 2-6 






10 


166 






12 


178 






16 


193 




Y Mean gain 2*43. 


20 


203-71 ^ 






21 


9n7ftl hamper 
l,'^( 2-26 


1' 




25 


215-OJ 


^ 






Beading at 20' 


203-7 









12 




191-7 




External heating 




48-6 



Heat due to platinum 143*1 



Heat units given out = ^^g • 

1*«>45 



FAVBE AND SILBERMANN S CALORIMKTEB. 



59 



Then (T- 15»-2) «* fall in temperature of Platinum 



1431 



-X 



1-345 3-502 X 00373 



= 814-5, 



T= temperature of platinum = 829*-7 C. 



2nd Experiment. — ^Platinum used. Final temperature of 
calorimeter 15'-5 0. Other numbers as before. 



OhservaHona on Calorimeter. 



Time. 



5 
10 
13 
15 
20 
25 
30 
35 
38 



tab«; 



Mean gain per 1' 
155 



Mean gain per 1' 
1-19 



Mean gain 1*37. 



Reading at 30' 



External heating 



234-5 
25-0 

209-5 
41-1 

168-4 



„ . ., . . 168-4 

Heat umts given out = -r^ri 



K-l- ^'^ "^ — LQAK ^ O.I 



1-345 3-502 X 00373 



= 958-6, 



temperature of platinum = 974' C. 
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3rd Experiment. — Copper used. Final temperature of 
calorimeter, 1.5®7 C. Weight of copper, 1186 grammes. Specific 
heat taken as 0*100, 



Observatio7is on Calorimeter, 



Time. 


6 
10 
12 
15 
18 
20 
23 




Beading tube. 

, 60-5 

64 

68 

1460 

1980 

2050 

207 

2100 



Mean gain per 1' 
0-75 



•0. 

•of 

10 ) 



Mean gain per 1' 
10 



Reading at 20 



External heating 
Heat of copper 



207-0 
60-5 

146-5 
17-4 

1291 



Mean gain 0'87. 



129-1 
Heat units given out = . 



(r-i5'>7) = ^?^x 



1-345 1186 X 01 



= 809-3. 



Temperature of copper = 825* C. 



G. Brown. 



No. 15. CLEMENT AND DESORMES' EXPERIMENT 
ON THE SPECIFIC HEATS OF GASES. 

A LARGE number of observations have from time to time 
been taken with a simple arrangement of Clement and D^sormes* 
experiment. A large globe about twelve inches in diameter 
has its neck connected with a wide three-way tube, one opening 
leading to a sulphuric acid pressure-gauge, and the other con- 
nected by wide india-rubber tubing with a piece of wide glass 
tubing. For the compression experiments the glass tubing 
dips "under inercufy, and the sudden communication between 
inside and outside is established by simply lifting up the tube ; 
while for the rarefaction experiments the india-rubber tube is 
closed by an iron bar buttoned down, and the communication 
can be made by releasing the button and lifting up the bar. 

To minimise the loss of heat by radiation a small quantity 
of strong sulphuric acid is introduced into the globe, and the 
air which entered had always to pass through a large flask 
filled with very coarse lumps of fused calcium chloride. 

The experiments shew that it only requires a little practice 
to be able to get any desired result with the apparatus, for if 
the communication is established for too short a time the result 
gives too great a ratio, while if the time be too long the result 
is too small. It seems not to be possible to re-arrange the 
apparatus in any simple way to ensure automatically that the 
opening shall be sufficiently long for the pressure to be 
equalised and no longer, and this point becomes therefore to 
some extent a matter of conscience with the observer. The 
results obtained point to 1*33 as the value of the ratio of the 
specific heats to be obtained from this apparatus. 
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The following table by Messrs Carnegie and Bead gives a 
specimen of the observations. 



Pressure gauge readings in centimetres. 


7 


Before opening. 


After opening. 


Left. 


Bight. 


Left. 


Bight. 


A. Compression. 

11-48 
15-1 

14-27 

B. Barefaction. 

23-55 
21-85 


27-64 
24-00 
24-83 

16-47 
17-22 


17-4 

18-28 
18-08 

20-38 
19-98 


21-68 

20-8 

21-00 

18-68 
19-09 


1-33 
1-34 
1-33 

1-32 
1-34 



W. N. Shaw. 



No. 20. EXPERIMENTS TO DETERMINE THE TENSION 
OF AQUEOUS VAPOUR IN PRESENCE OF A 
MIXTURE OF WATER AND SULPHURIC ACID 
OF KNOWN COMPOSITION, AT KNOWN TEM- 
PERATURE. 

It was first necessary to make the mixture of known pro- 
portions of water and sulphuric acid. 

The method adopted was to determine the S. G. of the 
mixture, and hence get its per-centage composition from the 
tables. 

First a bottle of commercial "pure redistilled" acid was 
taken. This could not be tested by the S. G. method, since 
for mixtures from 95^ to 100 per cent, acid there is no variation 
of density, and very little above 90 per cent. 

A portion of the commercial acid was poured into a flask 
holding about ^ a litre. The flask and acid weighed 1124*373 
grammes (all weights given in grammes). 

The acid was then poured off into a stoppered bottle destined 
to hold the mixture, and the emptied (but not dried) flask 
weighed 122*062 grams. This gives for the weight of the 
commercial acid 1002311. 

The flask was then washed, and the same operation repeated 
with water, the water being poured into the same stoppered 
bottle. 

As the water had to be poured in by very small quantities 
at a time (owing to the heat developed), there was a certain 
loss from drops that ran down the outside of the flask after 
each pouring. An idea of the amount of water thus lost was 
got by standing the flask on a glass plate, which was weighed 
with it before and after, but this would not account for the 
whole loss, ov/ing to evaporation. 
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Weight of flask and water 665178 

„ emptied 120-368 

Correction for spilling '310 

This gives for the weight of the water 544*500 

(In all dealings with the acid, care was taken to exclude 
the air as much as possible.) 

There was then in the bottle a mixture, which we call { | 

Mixture I. as follows : 

Commercial acid 1002*311 
Water 544500 



1546-811 

The method adopted for determining the specific gravity was 
by means of a glass bob, loaded with mercury, and hung by a 
platinum wire to the scale of a balance. A rather thick wire 
was used to avoid the danger of breakage. No error is intro- 
duced on account of the weight of the wire, if care is taken to 
have it always immersed to the same depth. This was got by 
using the same beaker for all the weighings, a mark on it 
shewing the proper level of the liquid. 

What we want to obtain is the specific gravity of the various 
mixtures of water and acid, i.e. the ratio of the weight of a 
volume of the mixture at 15"* to that of the same volume of 
water at 4°. 

Let weight of bob in air = TT, 

water at <,°=F', 
mixture at t^ = W'\ 
specific gravity of water at t^^ = d^ 

(compared with water at 4°), 
„ mixture at t° = S, 

(compared with mixture at 15°). 

(The specific gravity of all these mixtures is taken at 15°, 
compared to water at 4°, in Kohlrausch.) 

Then specific gravity of mixture 

_ W-W" d. 



>9 » 
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Now J- = 1 + & (L — 15) where k = coeflScient of expansion of 

the mixture. 

According to Kohlrausch A; = '00016 + '00001 xp where p 
is the percentage of pure acid in the mixture. 

Hence specific gravity of mixture 

= -^^-^ . rf, . {1 + (00016 + -00001 X p) {t^ - 15)}. 

For this formula, p need only be known approximately. 

The following weighings were taken : 

[weight of bob in air (Tf) 26-0356, 

water (F') 16-6367, temp. 11*6, 
Mixture I. (Tf") 11-6835, temp. 13-5. 

Hence TT-TT'- 9-3989 

Tr-F"=« 14-3521, 

^, = 11-6; .-. rf,= -99959, 

^^=13-5; .-. *jj-15 = -l-5, 

log rf,= 1-9998219 
log (Tr-Tf') = -9730770 

l^g F^ = r0267449. 

1002*3 
Now approximately p = kao.u x 100 = 64*8. (This is as- 
suming the commercial acid to be pure.) 

Hence J = ^ " (0^016 + -000648) x 1-5 

= -998788, 
log (F-TrO = 1-1569154 

log ^ = 1-9994732, 

^^g WrJ^/ ^ 10267449, 

log specif, grav. = '1831335 ; 
therefore specific gravity of (I.) = 1*5245. 

s. 5 
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This corresponds to a strength of 62 per cent. 

Hence the 1546*811 grammes contain 959*023 of pure acid. 

Hence the 1002*311 grammes of commercial acid contain 
this quantity of pure acid. 

This gives for the percentage composition of the commercial 
acid 95*68 per cent., H^SO^. 

In order to take the weighing, a portion of mixture (I.) had 
to be poured out into a beaker. 

There was not enough of the mixture for this portion to be 
wasted, so the following method was adopted : 

The empty beaker was weighed (a). 

Then the beaker with the portion poured out (/3). 

Then, after the specific gravity weighing (which involved 
inserting the bob and the thermometer) the weight was taken 
again (7). 

Then the mixture was poured back into the bottle, and the 
emptied beaker weighed (S) ; 

(/9 — a) is the weight poured out, 
(7 — S) is the weight poured back ; 

08 — a — 7 + S) is the weight lost in the observation, 

a= 94-774 y3= 595090 

7=594-745 S= 95-731 

689-519 690-821 

689-519 



This quantity gives 



Loss = (/8 + S-a-7)= 1-302 

Commercial acid -840] 
Water -4621 



= 1-302. 



V 

Mixture I. in the bottle then consists of: 

Comm. acid 1001*471 
Water 544*038 



1545-509 

There is now added to the above more water, weighed in 
the same manner as previously described. 

Weight of water added 276-739. 
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This forms Mixture II., whose composition is 

Comm. acid 1001-471 
Water 819777 

1821-248 
Mixture II. was then treated as Mixture I. had been before. 
Weight of bob in Mixture II. (F") = 12-6320 temp. = 14°7. 
Hence F - F" = 13-4036, <, - 15 = - 03. 
p is now the percentage of Mixture II., which is 

^^ ^^ "" 1821-248 "" ^^ ^- 
Hence g^ = 1 " ('00016 + 000526) x -3 

= -999794, 
^ log (F-F") = 1*1272216 

log I =1-9999105 

l^g wAp = 1-0267449 

log specific gravity = "1538770 

therefore specific gravity of (II.) = 1-4252. 

This corresponds to a strength of 52*6 per cent. 

Hence the 1821*248 grams contain 957'976 of pure acid. 

Hence the 1001-471 grams of commercial acid contain this 
quantity of pure acid. 

This gives for the percentage of the comm. acid 95-66 per 
cent. 

In pouring out and back the mixture for taking the specific 

gravity weighings were taken as described for Mixture L These 

were i 

a= 94-774 /3 = 551-015 

7 = 550-695 S = 95585 

645-469 646-600 

645-469 



Loss = /3 + 8-a-7= 1-131 
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rni. fCommercial acid •622) - -„- 

This gives 1^^^^ .g^g}= 1-131. 

Mixture 11. in the bottle then consists of 

Comm. acid 1000849 
Water 819-268 



1820-117 
There is now added to the bottle more water. 
The weight, determined as before, being 299'627. 

This forms Mixture III., whose composition is 

Comm. acid 1000-849 
Water 1118895 

2119-744 
The same process is now repeated with Mixture III.: 

TF" = 13-3029, f, = 14-7. 
Hence Tf - Tf " = 127327, f, - 15 = - 03, 

i-TTT r^^n^r 1000*85 _^ 

p = percentage of III.= 95-67 + oTTgTS "^ ' 

.-. i = 1 - (-00016 + -000452) x-3 = -9998164, 
log (F-Tr") = 1-1049260 
log 1 = -9999203 

^^S ^^=1-0267449 

log specific gravity = 1*1315912 

.-. specific gravity = 1*3539 (of Mixture III.). 

This corresponds to a strength of 45*21 per cent. 

Working as before, this gives as the percentage of the 
comm. acid 95*75 per cent. 

The percentage compositions of the commercial acid thus 
derived from three separate experiments, are : 

95*68| 

95-66V mean = 95*70. 

95-75 
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Taking this mean value of 95*70 for the percentage of the 
commercial acid, the percentage of Mixture III. is found to be 
45185. 

From these values may be calculated the following table for 
the formation of mixtures of any required strength: — 1 part 
of Mixture III. to 









Percentage 


Formula. 


Commercial Acid. 


Water. 


of H2SO4 in 
the inizture. 


S0.+ 2H.0 


3-5033 




84-483 


' 3 „' 


1-2386 




73134 


„ 4 „ 


•6177 




64-474 


» 5 „ 


•3282 




57-647 


„ 6 „ 


•1593 




52-128 


„ 8 „ 


99 


•0328 


43-750 


,, 10 „ 


>J 


•1988 


37-692 


„ 12 „ 


» 


•3648 


33-108 


„ 18 „ 


99 


•8628 


24-257 



[The method employed to measure the pressure of water 
vapour was that known as the chemical method. Ordinary air 
was first ' saturated ' with the vapour arising from the known 
acid mixture by drawing it by means of an aspirator A first 
through a large bottle F and secondly through a wide U-tube 
E each containing fragments of ignited pumice moistened with 
the acid mixture. The delivery tube of the air passed to the 
bottom of the bottle F and the exhaust tube opened in the 
neck. The U-tube F was put on in addition by way of making 
allowance for the alteration in composition of the acid in con- 
sequence of the passage of the air. The temperature of the 
* saturated ' air was taken by means of a thermometer T in the 
second limb of the U-tube. The air thus saturated was drawn 
by means of the aspirator A through weighed drying tubes G, 
D filled with pumice and concentrated sulphuric acid and 
thence through a chloride of calcium valve B to the aspirator. 
The aspirator and drying tubes are described in detail in the 
Cambridge Philosophical Transactions 1882\ The aspirator is 

^ Shaw, " On the Measurement of Temperature by Water Vapour Pressure." 
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provided with a tap g at the bottom to stop the flow of water 
when necessary, a gauge tube to watch the rate of flow, a 
thermometer T* and an exhaust tu1?e to facilitate refilling. 
The drying tubes have thick tubular glass stoppers bent over so 
as to enable the connections between them and the rest of the 
apparatus to be made by mercury joints. There was a pinch- 
cock k between the calcium chloride valve B and the aspirator 
and the exhaust tube in the aspirator was likewise closed by an 
india-rubber tube and pinch-cock A.] 

Precautions to be observed. 

The air tube in the aspirator should go down to the bottom, 
in order that the flow may be constant. 

The apparatus should be tested for leaks, thus : after filling 
the aspirator close cocks h and k firmly, and open g. A little 
water will run out, but the running should entirely cease, 
otherwise there is a leak. Then close g and open A, to equalise 
the pressure again. Then, when ready to begin, close h very 
firmly, open k, and then g. 

There should be a clear air-passage at C, Z), E, and Fy 
especially at the end of the experiment. 

E and F should be occasionally turned on one side, so as to 
re-moisten the pumice. 

The thermometer in E should be read frequently, and at 
regular intervals. It is never constant. 

If the air-tube into F be stopped, and g opened, the mercury 
will be sucked over into the tubes, but E and F and the con- 
necting tubes may be tested for leaks by removing G and D 
and substituting a tightly fitting rubber tube. In this way 
a leak may be discovered anywhere but in the mercury joints 
themselves, and a leak there is not possible if they are properly 
adjusted. 

The volumes were measured in a marked litre flask. 

Observations. 
\ Solution S03+8H,0. 

171-6855, 184-6020 



w • i.^ c^ X. (171-6855, 184-6020 
Weightoftubes j^y^.yygg^^3^.gQ^Q 
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(W) Increase of weight = "0938 + -0030 = '0968. 
(V) Volume of water run out = '016 cub. metre. 
Final temperature of aspirator (t') = 14*4, 
.-. ef = 12-220, and 1 + at' = 1-0497. 
Barometer (H) = 754-2, 

mean of 16 



Temperature t = 13*724 



observations. 



The formula is 

e _ 760 ,. W 

H-e""H-e^-^"^^^^- -622x1293x7- 

Hence =^^^3- = '0008088. 

.-. 6 = 6-0512 . 

Regnault's number for e at this temperature is 5*707. 
Solution SO3 + 5H,0 . 

w • 1.^ ^^1. (171-766, 184-583, 
^^^^*"f'^^^Mm-801, 184-590. 

Increase of weight ( W) = 035 + -007 = -042. 

Volume (F) = -016 cubic metre. 

Final temperature of aspirator (t') = 13*5, 

.-. ef = 11-530, and 1 + a^' = 10494. 

Barometer (H) = 758-8. 

Temperature ^ = 13*332 (mean of 16 

"' (observations. 

H^^c® iT^ol — = -0034914, 

758'8 — e 

.-. e = 2-6340 . 
Regnault's number for e at this temperature is 2-387. 

F. M. Young. 

[The differences may possibly be due to the method of saturation adopted.] 



No. 21. VERIFICATION OF REGNAULTS FORMULA 
FOR THE WET AND DRY BULB THERMOMETERS. 



The apparatus arranged for this purpose is shewn in the 
figure (fig. 9). A, B, and C are three glass globes each pro- 



TV jttfiratvr 




Fig. 9. 

vided with three necks; the globes are mounted on stands so 
that the middle neck of each opens vertically. In the first is 
placed a Begnault hygrometer iJ, with its thermometer T^. 
The current of air for cooling the ether is provided by a water- 
aspirator of the Magnus pattern, which has proved itself to be 
very convenient for the purpose. The silver thimble of the 
hygrometer is near the centre of the globe, and the observer can 
view it as closely as he pleases without danger of interfering 
with the deposit. It is generally found that the deposit is 
most easily visible if the direction of the light which illuminates 
the thimble be inclined to the line between the thimble and 
the observer at an angle rather less than a right angle. 

Between A and JB is a coil of copper-tubing K. This is 
intended to bring the air which has been cooled by passing 
over the cold surface of the thimble back to the temperature 
of the air. 

In jS is a dry bulb thermometer T,, intended to determine 
the temperature of the air. In (7 is a wet bulb thermometer T^, 
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The bulb is covered with muslin and kept moist by means of a 
wick which passes through glass tubes to the water bottle TT. 

• Air is made to pass through the whole set of bulbs by the 
use of foot bellows ; it may be sent through in its natural state, 
or by interposing a calcium-chloride bottle or a bottle of pumice 
moistened with water it may be delivered either dried or moist. 
The formula for the reduction of the wet and dry bulb 
observations is taken from Jelinek's Anleitung zur Anstelhmg 
Meteorologischer Beobachtungen, and is Regnault's formula 
altered in shape. It is the basis of Jelinek's Psychrometer 
tables for temperatures of the wet bulb above the freezing 
point. The formula is 

e" = e' - -0009739^' (t - - '5941 {t - 
- -0008 {t - (J> - 755). 

It turned out as was to be expected, that the temperature 
of the wet bulb depends upon the rate at which the air is 
driven through the apparatus, the variation being something 
like a degree for ordinary atmospheric states. 

The results obtained give the observations of the lowest 
temperature of the wet bulb. 





Dry 
Bulb. 


Wet 
Bulb. 


Tension 

of 
Vapour. 


Calcu- 
lated 
Dew 

Point. 


Dew Point 
observed 
between 


Observer. 


Air of Boom 


11-4 


7-85 


5-858 


3^-4 


2^-5... 2*-6 


a B. 




10-4 


71 


5-553 


2^-6 


2°-3...2°-7 


J. T. K. 




10-8 


7-2 


5-417 


2*'-3 


2^-2... 2H 


)9 




10-9 


7-2 


5-379 


2*^-2 


2°-3 


)) 


Dry Air 


11-7 


7-15 


4-861 


0^-6 


-1-23... -1-13 


G. B. 




10-4 


5-6 


3-920 


-2M 


-2 ...-2-15 


J. T. K. 




10-5 


5-7 


3-941 


-2^-0 


- 2°05 


99 




10-6 


5-8 


3-963 


-r-9 


-2'»-15...-2«-2 


9) 


Moist Air 


11-8 


IM 


9-456 


10^-4 


io°-8...ir-i 


G. B. 




10-7 


9-4 


8-017 


8^-0 


7"-75...8^-2 


J. T. K. 



W. N. Shaw. 
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exhibiting all the Readings of all the MSS. Edited by the Rev. 
W. W. Skeat, Litt.D., Elrington and Bosworth Professor of Anglo- 
Saxon. New Edition. Demy 4to. \os. 

" By the publication of the present volume for the scholarly and accurate way in which he 
Prof. Skeat has brought to its conclusion a has performed his laborious task. Thanks to 



work planne J more than a half century ago bv him we now possess a reliable edition of all the 
the late J. M. Kemble... Students of English existing MSS. of ' 
have every reason to be grateful to Prof. Skeat Academy. 



London : C. y, Cla v 6r* SoNSy Cambridge University Press Warehouse^ 

Ad^ Marin. T^an^^ 
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The Gospel according to St Mark^ uniform with the 

preceding, by the same Editor. Demy 4to. los. 

The Gospel according to St Luke^ uniform with the 
preceding, by the same Editor. Demy 4to. lar. 

The Gospel according to St John, uniform with the 
preceding, by the same Editor. Demy 4to. loj. 

ticular volume now before us, we can only say 
it is worthy of its two predecessors. We repeat 
that the service rendered to the study of Anglo- 
Saxon by this Synoptic collection cannot easily 
be overstated." — Contemporary Review, 



" The Gospel according to St John^ in 
Anglo-Saxon and Northumbrian Verstons: 
completes an undertaking designed and com- 
menced by that distinguished scholar, J. M. 
Kemble, some forty years ago. Of the par- 

The Four Gospels (as above) bound in one volume, 
price 3CW. 



ENGLISH. 
The Authorized Edition of the English Bible (1611), 

ITS SUBSEQUENT REPRINTS AND MODERN REPRE- 
SENTATIVES. Being the Introduction to the Cambridge Paragraph 
Bible (1873), re-edited with corrections and additions. By the late 
F. H. A. Scrivener, M.A., D.C.L., LL.D., Prebendary of Exeter 
and Vicar of Hendon. Crown 8vo. ys, 6d. 

The Cambridge Paragraph Bible of the Authorized English 

Version, with the Text Revised by a Collation of its Early and other 
Principal Editions, the Use of the Italic Type made uniform, the 
Marginal References remodelled, and a Critical Introduction pre- 
fixed, by the late F. H. A. Scrivener, M.A., LL.D., Editor of the 
Greek Testament, Codex Augiensis, &c., and one of the Revisers 
of the Authorized Version. Crown 4to. gilt. 21^. 



From the Times. 
" Students of the Bible should be particu- 
larly grateful (to the Cambridge University 
Press) for having produced, with the able as- 
sistance of Dr Scrivener, a complete critical 
edition of the Authorized Version of the Eng- 
lish Bible, an edition such as, to use the words 
of the Editor, 'would have been executed long 
ago had this version been nothing more than 
the greatest and best known of English clas- 
sics. Falling at a time when the formal revi- 
sion of this version has been undertaken by a 
distinguished company of scholars and divines, 
the publication of this edition must be con- 
sidered most opportune." 

From the Athenaum. 
"Apart from its religious importance, the 
English Bible has the glory, vmich but few 
sister versions indeed can claim, of being the 
chief classic of the language, of having, in 
conjunction with Shakspeare, and in an im- 
measurable degree more than he, fixed the 
language beyond any possibility of important 
change. Thus the recent contributions to the 



literature of the subject, by such workers as 
Mr Francis Fry and Canon Westcott, appeal 
to a wide range of sympathies; and to these 
may now be added Dr Scrivener, well known 
for his labours in the cause of the Greek Testa- 
ment criticism, who has brought out, for the 
Syndics of the Cambridge University Press, 
an edition of the English Bible, according to 
the text of x6ix, revised by a comparison with 
later issues on principles stated by him in his 
Introduction. Here he eaters at length into 
the history of the chief editions of the version, 
and of such features as the marginal notes, the 
use of italic type, and the changes of ortho- 
graphy, as well as into the most interesting 
question as to the original texts from which 
our translation is produced." 

From the London Quarterly Review. 
" The work is worthy in every respect of the 
editor's fame, and of the Cambridge University 
Press. The noble English Version, to which 
our country and religion owe so much, was 
probably never presented before in so perfect a 
form." 



The Cambridge Paragraph Bible. Student's Edition, 

on good writing paper, with one column of print and wide margin 
to each page for MS. notes. This edition will be found of great 
use to those who are engaged in the task of Biblical criticism. 
Two Vols. Crown 4to. gilt. 31J. 6^. 



London : C. y. Cla y &^ Sons, Cambridge University Press Warehouse^ 

Ave Maria Lane, 



THE HOLY SCRIPTURES, ^c. 



The Iiectionary Bible, with Apocrypha, divided into 
Sections adapted to the Calendar and Tables of Lessons of 1871. 
Crown 8vo. 3^. 6^/. 

The Book of Ecclesiastes, with Notes and Introduction. 
By the Very Rev. E. H. Plumptre, D.D., late Dean of Wells. 
Large Paper Edition. Demy 8vo. Ts, 6d, 

The Gr08pel History of our Lord Jesus Christ in the 

LANGUAGE OF THE REVISED VERSION, arranged in a 
Connected Narrative, especially for the use of Teachers and 
Preachers. By Rev. C. C. James, M.A., Rector of Wortham, Suffolk, 
and late Fellow of King's College. Crown 8vo. 3^. 6d, 

A Harmony of the Grospels in the words of the Revised 

VERSION with copious references, tables, &c. Arranged by Rev. 
C. C. James, M.A. Crown 8vo. [Nearly ready, 

Wilson's Illustration of the Method of' explaining the 

New Testament, by the early opinions of Jews and Christians 
concerning Christ. Edited by T. TURTON, l^,D, 8vo. 5J. 



SERVIGE-BOOES. 



Breviarum ad Usum Sarum. A Reprint of the folio 

edition by Chevallon and Regnault, Paris, 1531. Edited by F. 
Procter, M.A. and Chr. Wordsworth, M.A. Demy 8vo. 
Vol. I. Kalendar and Temporale. iSj. 
Vol. 2. Psalter, &c. 12s, 
Vol. 3. Sanctorale. With an Introduction, lists of editions from 

the papers of H. Bradshaw, and complete Indexes. 153. 
The three volumes together £2, 2s, 
*i(* An Introduction of 130 pages, prefixed to this volume, contains 
(besides other interesting information as to the Breviary and its contents) 
Mr Bradshaw^s exhaustive lists of editions and copies of the Breviary 
and allied liturgical books. 

'* The value of this reprint is considerable to persons interested in the history of the Anglican 

litiirp^cal students, who will now be able to con- Book of Common Prayer, will be grateful to the 

suit in their own libraries a work absolutely in- Syndicate of the Cambridge University Press for 

dispensable to a right imderstanding of the his- forwarding the publication of the volume which 

tory of the Prayer- Book, but which till now bears the above title." — Notes and Queries. 

usually necessitated a visit to some public " Cambridge has worthily taken the lead 

library, since the rarity of the volume made its with the Breviary, which is of especial value 

cost prohibitory to all but a few." — Literary for that part of the reform of the Prayer- Book 

Churchman. which will fit it for the wants of our time.'*— 

"Not only experts in liturgiology, but all Church Quarterly Review. 

Breviarium Romanum a Francisco Cardinali Quig- 

NONio editum et recognitum. Edited from the Venice edition of 
'535 by J. WiCKHAM Legg, F.S.A., F.R.C.P., sometime Lecturer 
at Saint Bartholomew's Hospital. Demy 8vo. 12s, 



London : C. J, Cla y &* Sons, Cambridge University Press Warehouse^ 

Ave Maria Lane, 
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The Greek Liturgies. Chiefly from original Authorities. 
By C. A. SWAINSON, D.D., late Master of Christ's College, Cam- 
bridge. Crown 4to. Paper covers. 1 5J. 

*'Jeder folgende Forscher wird dankbar Griechischen Liturgien sicher gelegt hat." — 
anerkennen, dass Swainson das Fundament zu Adolph Harnack, Theologiscke Literatur- 
teiner historisch-kritischen Geschichte der Zeitung. 



The Pointed Prajer Book^ being the Book of Common 

Prayer with the Psalter or Psalms of David, pointed as they are 
to be sung or said in Churches. Royal 24mo. u. 6^/. 

The same in square 32mo. cloth. 6^. 

Wheatly on the Common Prajer^ edited by G. E. CORRIE, 
D.D. late Master of Jesus College. Demy 8vo. 75. 6^. 

The Cambridge Psalter^ for the use of Choirs and Organists. 

Specially adapted for Congregations in which the "Cambridge 
Pointed Prayer Book" is used. Demy 8vo. cloth extra, 3^. dd, ; 
cloth limp, cut flush. 2J. 6^/. 

The Paragraph Psalter^ arranged for the use of Choirs by 
the Right Rev. Brooke Foss Westcott, D.D., Lord Bishop 
of Durham. Fcap. 4to. Sj. 

The same in royal 32mo. Cloth 1^. Leather \s, 6d. 



The Homilies^ with Various Readings, and the Quotations 
from the Fathers given at length in the Original Languages. Edited 
by the late G. E. Corrie, D.D. Demy 8vo. ys. 6d, 

Two Forms of Prayer of the time of Queen Elizabeth. 

Now First Reprinted. Demy 8vo. 6d. 



THEOLOGY. 

Sasrings of the Jewish Fathers^ comprising Pirqe Aboth 
and Pereq R. Meir in Hebrew and English, with Critical and 
Illustrative Notes. By Charles Taylor, D.D., Master of St John's 
College, Cambridge. \New Edition preparing. 

The Palestinian Mishna. By W. H. LoWE, M.A., Lecturer 
in Hebrew at Christ's College, Cambridge. Royal 8vo. 21J. 

Chagigah flrom the Babylonian Talmud. A Translation 

of the Treatise with Introduction, Notes, Glossary, and Indices by 
the Rev. A. W. Streane, B.D., Fellow and Lecturer of Corpus 
Christi College, Cambridge, and formerly Tyrwhitt's Hebrew Scholar. 
Demy 8vo. loj. 

Psalms of the Pharisees^ commonly known as the Psalms 
of Solomon. Edited by the Rev. H. E. Ryle, M.A., Hulsean 
Professor of Divinity, and M. R. James, M.A., Fellow of King's 
College, Cambridge. Demy 8vo. 15J. 



London : C, J. Cla y 6«* Sons, Cambridge University Press Warehouse, 

Ave Maria Lane, 
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Fragments of Philo and Josephus. Newly edited by 
J. Rendel Harris, M.A., formerly Fellow of Clare College, 
Cambridge. With two Facsimiles. Demy 4to. 12^. (xL 

^DcL^ Rest of the Words of Banich : A Christian Apoca- 
lypse of the Year 136A.D. The Text revised with an Introduction. 
By J. Rendel Harris, M.A. Royal 8vo. 5^. 

The Teaching of the Apostles. Newly edited, with Fac- 
simile Text and Commentary, by J. Rendel Harris, M.A. Demy 
4to. £1, IS, 

A Collation of the Athos Codex of the Shepherd of 

HERMAS. Together with an Introduction by Spyr. P. Lambros, 
Ph. D., translated and edited with a Preface and Appendices by 
J. Armitage Robinson, B.D., Fellow of Christ's College, Cambridge. 
Demy 8vo. 3J. 6//. 

The Philocalia of Origen. The Greek Text edited from 
the Manuscripts, with Critical Apparatus and Indexes, and an Intro- 
duction on the Sources of the Text. By J. Armitage Robinson, 
B.D., Fellow of Christ's College. \In the Press, 

Theodore of Mopsuestia's Commentary on the Minor 

EPISTLES OF S. PAUL. The Latin Version with the Greek 
Fragments, edited from the MSS. with Notes and an Introduction, 
by H. B. Swete, D.D. In Two Volumes. Volume I., containing 
the Introduction, with Facsimiles of the MSS., and the Commentary 
upon Galatians — Colossians. Demy 8vo. \is. 

"It is the result of thorough, careful, and handschriften . . . sind yortreffliche ^ photo- 
patient investigation of all the points bearing graphische Facsimile's beigegeben, wie Qber- 
on the subject, and the results are presented haupt das ganze Werk von der University 
with admirable good sense and modesty." — Press zu Cambridge mit bekannter Eleganz 
Guardian. ausgestattet ist.*' —TAeol^giscAe Literatursiei- 

*'Auf Grund dieser Quellen ist der Text tung. 

bei Swete mit musterhafter Akribie herge- "Hemn Swete's Leistung ist eine so 

stellt. Aber auch sonst hat der Herausgeber tQchtige dass wir das Werk in keinen besseren 

mit unermfldlichem Fleisse und eingehend- Handen wissen mOchten, und mit den sich- 

ster Sachkenntniss sein Werk mit alien den- ersten Erwartungen aut das Gelingen der 

jenigen Zugaben ausgerustet, welche bei einer Fortsetzung entgegen sehen." — Gdttingische 

solchen Text-Ausgabe nur irgend erwartet geUhrte Anzeigen ^c^\, xVi\). 
werden kfinnen. . . . Von den drei Haupt- 

VOLUME II., containing the Commentary on i Thessalonians — 
Philemon, Appendices and Indices. \2s, 

'* Eine Aus^abe ... fur welche alle zug&ng- (Sept as, 1883). 
lichen Hfllfsmittel in musterhafter Weise be- " Mit derselben Sorgfalt bearbeitet die wir 

nutzt wurden . . . eine reife Frucht siebenj&hri- bei dem ersten Theile gertihmt haben." — 

gen Fleisses." — Theoiogische Literaturzeitung Literarischts Centralblatt (J\x\y 29, 1883). 

The Acts of the Martyrdom of Perpetua and Felicitas ; 

the original Greek Text, edited by J. Rendel Harris, M.A. and 
Seth K. GiFFORD. Royal 8vo. 5J. 

The Dlatessaron of Tatian. A preliminary Study. By 
J. Rendel Harris, M.A. Royal 8vo. 5^. 



London : C, 7. Clav^* Sons^ Cambridge University Press Warehouse, 

Ave Maria Lane, 
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TEXTS AND STUDIES: CONTRIBUTIONS TO 
BIBLICAL AND PATRISTIC LITERATURE. 

Edited by J. Armitage Robinson, B.D., Fellow and Assistant Tutor 

of Christ's College. 

Vol. I. No. 1. The Apology of Aristides on behalf of 

THE CHRISTIANS. Edited from a Syriac MS., with an 
Introduction and Translation by J. Rendel Harris, M.A., 
and an Appendix containing the chief part of the Original 
Greek, by J. Armitage Robinson, B.D. Demy 8vo. 5^. net. 

No. 2. The Passion of S. Perpetua : the Latin 

freshly edited from the Manuscripts with an Introduction 
and Appendix containing the Original Latin Form of the 
Scillitan Martyrdom; by J. Armitage Robinson, B.D. 
4^. net. 

No. 3. The Lord's Prayer in the Early Churoh ; 

with Special Notes on the Controverted Clauses ; by F. H. 
Chase, B.D., Christ's College. 5^. net. 

No. 4. The Fragments of Heracleon : the Greek 

Text with an Introduction by A. E. Brooke, M.A., Fellow 
of King's College. 4^". net. 

Vol. II. No. 1. A Study of Codex Bezae. By J. Rendel 
Harris, M.A. Demy 8vo. 7^. 6//. net. 

No. 2. The Testament of Abraham. By M. R. 

James, M.A., with an Appendix containing Translations 
from the Araljic of the Testaments of Abraham, Isaac and 
Jacob, by W. E. Barnes, B.D. Demy 8vo. \In the Press, 



TertuUianus De Corona Militis^ De Spectaculis^ De 

IDOLOLATRIA, with Analysis and English Notes, by George 
Currey, D.D. Preacher at the Charter House, late Fellow and 
Tutor of St John's College. Crown 8vo. SJ. 

Sancti Irenaei Episcopi Lugdunensis libros quinque ad- 
versus Haereses, versione Latina cum Codicibus Claromontano ac 
Arundeliano denuo coUata, praemissa de placitis Gnosticorum pro- 
lusione, fragmenta necnon Graece, Syriace, Armeniace, commentatione 
perpetua et indicibus variis edidit W. Wigan Harvey, S.T.B. 
Collegii Regalis olim Socius. 2 Vols. 8vo. i8j. 

Theophili Episcopi Antiochensis Libri tres ad Autolycum 

edidit, Prolegomenis Versione Notulis Indicibus instruxit G. G. 
Humphry, S.T.B. Post 8vo. 5^. 

Theophylactl in Evangelium 8. Mattheei Commentarius^ 

edited by W. G. Humphry, B.D. Prebendary of St Paul's, late 
Fellow of Trinity College. Demy 8vo. 7^. 6d. 

M. Minucii Felicis Octavius. The text revised from the 
original MS., with an English Commentary, Analysis, Introdudlion, 
and Copious Indices. Edited by H. A. Holden, LL.D. Examiner 
in Greek to the University of London. Crown 8vo. 7 J. 6d,. 

London: C. J, Clay ^ Sons, Cambridge University Press Warehouse, 

Ave Maria Lane, 
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THEOLOOT, ENGLISH. 
&. Austin and his Place in the History of Christian 

THOUGHT. Being the Hulsean Lectures for 1885. By W. 
Cunningham, D.D. Demy 8vo. Buckram, \is, 6d, 

Works of Isaac Barrow^ compared with the Original MSS., 
enlarged with Materials hitherto unpublished. A new Edition, by 
A. Napier, M.A. 9 Vols. Demy 8vo. £'i. y. 

Treatise of the Pope's Supremacy^ and a Discourse con- 
cerning the Unity of the Church, by Isaac Barrow. Demy 8vo. 
7J. 6d, 

Select Discourses^ by John Smith, late Fellow of Queens' 
College, Cambridge. Edited by H. G. Williams, B.D. late Pro- 
fessor of Arabic. Royal 8vo. 7 j. 6d, 

no spiritually thoughtful mind can read them 
unmoved. They carry us so directly into an 
atmosphere of divine philosophy, luminous 
with the richest lights of meditative genius... 
He was one of those rare thinkers in whom 
largeness of view, and depth, and wealth of 
poetic and speculative insight, only served to 
evoke more fully the religious spirit, and while 
he drew the mould of his thought from Plotinus, 
he vivified the substance of it from St Paul." — 
Principal Tulloch, Rational Theology in 
England in the ijth Century, 

Pearson's Exposition of the Creed, edited by Temple 

Chevallier, B.D. New Edition. Revised by R. Sinker, D.D., 
Librarian of Trinity College. Demy 8vo. 12s, 



"The 'Select Discourses' of John Smith, 
collected and published from his papers after 
his death, are, in my opinion, much the most 
considerable work left to us by this Cambridge 
School [the Cambridge Platonists]. They have 
a right to a place in English literary history.'' 
— Mr Matthew Arnold, in the ContempO' 
rary Review. 

"Of all the products of the Cambridge 
School, the 'Select Discourses' are perhaps 
the highest, as they are the most accessible 
and the most widely appreciated... and indeed 



" A new edition of Bishop Pearson's famous 
work On the Cr<?^</ has just been issued by the 
Cambridge University Press. It is the wellr 
known edition of Temple Chevallier, thoroughly 
overhauled by the Rev. R. Sinker, of Trinity 



College Altogether this appears to be the 

most complete and convenient edition as yet 
published of a work which has long been re- 
cognised in all quarters as a standard one."— 
Gtiardian, 



An Analysis of the Exposition of the Creed written by 

the Right Rev. John Pearson, D.D. late Lord Bishop of Chester, 
by W. H, Mill, D.D. Demy 8vo. 55. 

De Obligatione, Conscientiae PrsBlectiones decern Oxonii 

in Schola Theologica habitae a Roberto Sanderson, SS.Theologiae 
ibidem Professore Regio. With English Notes, including an abridged 
Translation, by W. Whewell, D.D. late Master of Trinity College. 
Demy 8vo. ^s, 6d, 

Lectures on Divinity^ delivered in the University of Cam- 
bridge, by John Hey, D,D. Third Edition, revised by T. Turton, 
D.D. late Lord Bishop of Ely. 2 vols. Demy 8vo. 15J. 

Caesar Morgan^s Investigation of the Trinity of Plato^ 

and of Philo Judaeus, and of the effedls which an attachment to their 
writings had upon the principles and reasonings of the Fathers of the 
Christian Church. Revised by H. A. H olden, LL.D. Crown 8vo. 41. 

Christ the Life of Men, Hulsean Lecture for 1888. By 
the Rev. H. M. Stephenson, M.A. Crown 8vo. 2s, 6d. 



Ifitidon: C J, Clay ^ Sons, Cambridge University Press Warehouse, 
• Ave Maria Zane, 
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STRIAC AND ABABIC. 

Lectures on the Comparative Grammar of the Semitic 

LANGUAGES from the papers of the late William Wright, 
LL.D., Professor of Arabic in the University of Cambridge. Demy 
8vo. 14s, 

"Ein Buch, dessen kein Semitist und kein trathen kSnnen, moge er ein fertiger Mann oder 
Theolog, der sich wisseuschaftlich mit dem ein strebsamer Anfinger sein." — Theologische 
A. T. zu beschastigen gesonnen ist, wird en- Literaturzeitung, 

The History of Alexander the Great^ being the Syriac 

version of the Pseudo-Callisthenes. Edited from Five Manuscripts, 
with an English Translation and Notes, by E. A. W. BUDGE, 
Litt.D., Assistant in the Department of Egyptian Antiquities, British 
Museum. Demy 8vo. 25^. (The Edition is limited to 250 copies,) 

The Chronicle of Joshua the Stylite^ composed in Syriac 

A.D. 507, with an English translation and notes, by the late W. 
Wright, LL.D., Professor of Arabic. Demy 8vo. loj. 6d, 

ein Lehrmittel fur den syrischen Unterricht ; es 
erscheint auch gerade zur rechten Zeit, da die 
zweite Ausgabe von Roedigers syrischer Chres- 
tomathie im Buchhandel vollstandig vergrifTen 
und diejenige von Kirsch-Bernstein nur noch 
in wenigen Exemplaren vorhanden ist.'* — 
Deutsche Litter aturzeitung. 

Kalilah and Dimnah^ or^ the Fables of Bidpai ; being an 

account of their literary history, together with an English Transla- 
tion of the same, with Notes, by L G. N. Keith- Falconer, M.A., 
late Lord Almonei-'s Professor of Arabic in the University of Cam- 
bridge. Demy 8vo. 7j. 6^/. 

Poems of Beha ed din Zoheir of Eg3rpt. With a Metrical 
Translation, Notes and Introduction, by E. H. Palmer, M.A., 
Barrister-at-Law of the Middle Temple, late Lord Almoner's Pro- 
fessor of Arabic, formerly Fellow of St John's College, Cambridge. 
2 vols. Crown 4to. 

Vol. L The Arabic Text. iot. 6^. 

Vol. IL English Translation, icxy. dd. 



" Die lehrreiche kleine Chronik Josuas hat 
nach Assemani und Martin in Wright einen 
dritten Bearbeiter gefunden, der sich um die 
Emendation des Textes wie um die Erklarung 
der Realien wesentlich verdient gemacht hat 
. . . Ws. Josua-Ausgabe ist eine sehr dankens- 
werte Gabe und besonders empfehlenswert als 



" We have no hesitation in saying that in 
both Prof. Palmer has made an addition to Ori- 
ental literature for which scholars should be 
grateful ; and that, while his knowledge of 
Arabic is a sufficient guarantee for his mastery 
of the original, his English compositions are 
distinguished by versatility, command of lan- 
guage, rhythmical cadence, and, as we have 



remarked, by not unskilful imitations of the 
styles of several of our own favourite poets, 
living and dead.'* — Saturday Review. 

" This sumptuous edition of the poems of 
Beh&-ed-d{n Zoheir is a very welcome addition 
to the small series of Eastern poets accessible 
to readers who are not Orientalists." — Aca- 
demy. 



SANSKRIT AND PERSIAN. 
Makala-i-Shakhsi Sasryah ki dar Kaziyya-i-Bab Na- 

VISHTA-AST (a Traveller's Narrative written to illustrate the 
Episode of the Bdb). Persian text, edited, translated and annotated, 
by Edward G. Browne, M.A., M.B., Fellow of Pembroke College 
and Lecturer in Persian in the University of Cambridge. 2 vols. 
Crown 8vo. 15J. net. Volume II. separately \os, 6d, net. 



London : C J, Clay 6^ Sons, Cambridge University Press Warehouse^ 

Ave Maria Lane, • 
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Nalopakh janam, or, the Tale of Nala ; containing the 
Sanskrit Text in Roman Characters, followed by a Vocabulary and 
a sketch of Sanskrit Grammar. By the late Rev. Thomas Jarrett, 
M.A. Trinity College, Regius Professor of Hebrew. Demy 8vo. los. 

Notes on the Tale of Nala^ for the use of Classical Students, 
by J. Peile, Litt.D., Master of Christ's College. Demy 8vo. 12s. 

The Divyayadftna^ a Collection of Early Buddhist Legends, 
now first edited from the Nepalese Sanskrit MSS. in Cambridge 
and Paris. By E. B. COWELL, M.A., Professor of Sanskrit in the 
University of Cambridge, and R. A. Neil, M.A., Fellow and 
Lecturer of Pembroke College. Demy 8vo. i8j. 



aREEE. 
The Agamemnon of Aesohylus. With a Translation in 

English Rhythm, and Notes Critical and Explanatory. New 
Edition Revised. By the late Benjamin Hall Kennedy, D.D., 
Regius Professor of Greek. Crown 8vo. 6s, 

** One of the best editions of the masterpiece of Greek tragedy." — A tkenaum. 

AeschyU Fabulae.— IKETIAE2 XOH^OPOI in libro 

MEDICEO MENDOSE SCRIPTAE EX VV. DD. CONIEC- 
TURIS EMENDATIUS EDITAE cum Scholiis Graecis et brevi 
adnotatione critica, curante F. A. Paley, M.A., LL.D. Demy 8vo. 
7J. 6d, 

Aristotle.— nEPI ^HTXHS. Aristotle's Psychology, in 

Greek and English, with Introduction and Notes, by Edwin 
Wallace, M.A., late Fellow and Tutor of Worcester College, 
Oxford. Demy 8vo. i8j. 

"Wallace's Bearbeitiin^ derAristotelischen 
Psychoiogie ist das Werk eines denkenden und 
in alien Schriften des Aristoteles und grOssten- 
teils auch in der neueren Litteratur zu densel- 
ben belesenen Mannes . . . Der schwSchste 
Teil der Arbeit ist der kritische . . . Aber in 
alien diesen Dingen liejgt auch nach der Ab- 
sicht des Verfassers nicht der Schwerpunkt 
seiner Arbeit, sondem." — Prof. Susenuhl in 
Philologische Wochenschrtft. 



"The notes are exactly what such notes 
ought to be, — helps to the student, not mere 
displays of learning. By far the more valuable 
parts of the notes are neither critical nor lite- 
rary, but philosophical and expository of the 
thought, and of tne connection of thought, in 
the treatise itself. In this relation the notes are 
invaluable. Of the translation, it may be said 
that an English reader may fairly master by 
means of it this great treatise of Aristotle.* — 
Spectator. 



Aristotle. The Rhetoric. With a Commentary by the 
late E. M. Cope, Fellow of Trinity College, Cambridge, revised and 
edited by J. E. Sandys, Litt.D. With a biographical Memoir by 
the late H. A. j. Munro, Litt.D. 3 Vols., Demy 8vo. Now 
reduced to 2Lr. {originally published at 31J. 6d') 

■ "This work is in manyways creditable to the "Mr Sandys has performed his arduous 

University of Cambridge. If an English student duties with marked ability and admirable tact. 

wishes to have a full conception. of what is con- In every part of his work — revising, 

tained in the Rhetoric of Aristotle, to Mr Cope's supplementing, and completing— he has done 

edition he must go**^Actuiemy, exceedingly yficVL**— Examiner. 



London : C J. Cla y fir* SONS^ Cambridge University Press Warehouse^ 
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Demosthenes against Androtion and against Timocrates, 

with Introductions and English Commentary, by William Wayte, 
M.A., late Professor of Greek, University College, London. Crown 
8vo. ys. 6d, 

"These speeches are highly interesting, as they are worthy of all admiration . . . Besides 

illustrating Attic Law, as that law was in- a most lucid and interesting introduction, Mr 

fluenced by the exigences of politics ... As Wa^te has given the student effective help 

vigorous examples of the great orator's style, in ms running commentary." — Sptctaior, 

Demosthenes. Private Orations of^ with Introductions 

and English Notes, by the late F. A. Paley, M.A. and J. E. 
Sandys, Litt.D. Fellow and Tutor of St John's College, and Public 
Orator in the University of Cambridge, 

Part I. Contra Phormionem, Lacritum, Pantaenetum, Boeotum 
de Nomine, Boeotum de Dote, Dionysodorum. New Edition. 
Crown 8vo. 6j. 

literature which bears upon his author, and 
the elucidation of matters of daily life, in the 
delineation of which Demosthenes is so rich, 
obtains full justice at his hands. . . . We 
hope this edition may lead the way to a more 
general study of these speeches in schools 
than has hitherto been possible." — Academy. 



"Mr Paley's scholarship is sound and 
accurate, his experience of editing wide, and 
if he is content to devote his learning and 
abilities to the production of such manuals 
as these, they will be received with gratitude 
throughout the higher schools of the country. 
Mr Sandys is deeply read in the German 

Part II. Pro Phormione, Contra Stephanum I. II.; Nicostra- 
tum, Cononem, Calliclem. New Edition. Crown 8vo. Ts, 6d. 

*' It is long since we have come upon a work mosthenes '." — Saturday Revitw. 

evincing more pains, scholarship, and varied " the edition reflects credit on 

research and iUustration than Mr Sandys's Cambridge scholarship, and ought to be ex- 
contribution to the ' Private Orations of De- tensively used." — Atkemtum. 

Demosthenes. Speech against the Law of Iioptines. 

With Introduction, Critical and Explanatory Notes and Autotype 
Facsimile from the Paris MS. Edited by J. E. Sandys, Litt.D. 
Demy 8vo. 9J. 

Euripides. Bacchae. With Introduction, Critical Notes, 
and Archaeological Illustrations, by J. E. Sandys, LittD. New 
and Enlarged Edition. Crown 8vo. 12^*. 6^. 

" Of the present edition of the Baccfue by Mr 
Sandys we may safely say that never before has 
a Greek play, in England at least, had fuller 
justice done to its criticism, interpretation, 
and archaeological illustration, whether for the 
young student or the more advanced scholar. 
The Cambridge Public Orator may be said to 
have taken the lead in issuing a complete edi- 
tion of a Greek play, which is destined perhaps 
to gain redoubled favour now that the study of 
ancient monuments has been applied to its il- 
lustration."— «S'a/«n/a^ Review. 



"The volume is interspersed with well- 
executed woodcuts, and its general attractive- 
ness of form reflects great credit on the Uni- 
versity Press. In the notes Mr Sandys has more 
than sustained his well-earned reputation as a 
careful and learned editor, and shows consider- 
able advance in freedom and lightness of style. 
. . . Under such circumstances it is superfluous 
to say that for the purposes of teachers and ad- 
vanced students this handsome edition far sur- 
passes all its predecessors."— .<4/A^M««Mr. 



Euripides. Ion. The Greek Text with a Translation into 
English Verse, Introduction and Notes by A. W. Verrall, Litt.D., 
Fellow and Tutor of Trinity College, Cambridge. Demy 8vo. ys, 6d. 

Homer's Odyssey. The text edited in accordance with 

modern criticism by ARTHUR Platt, M.A., late Fellow of Trinity 
College, Cambridge. Crown 8vo. [Nearly ready. 



London : C 7. Cla v ^ Sons, Cambridge University Press Warehouse^ 
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Pindar. Olympian and Psrthian Odes. With Notes 

Explanatory and Critical, Introductions and Introductory Essays. 
Edited by C. A. M. Fennell, Litt. D., late Fellow of Jesus College. 
Crown 8vo^ qj. 



" Mr Fennell deserves the thanks of all clas- 
sical students for his careful and scholarly edi- 
tion of the Olympian and Pythian odes. He 
brings to his task the necessary enthusiasm for 



his author, great industry, a sound judgment, 
and, in particular, copious and minute learning 
in comparative philology." — Atkenetutn, 



"... As a handy and instructive edition of 
a difficult classic no work of recent years sur- 
passes Mr Fennell's 'Pindar.'" — Athemtum. 

"This work is in no way inferior to 
the previous volume. The commentary affords 



Pindar; The Isthmian and Nemean Odes. By the 

same Editor. Crown 8vo. 9^. 

valuable help to the study of the most difficult 
of Greek authors, and is enriched with notes 
on points of scholarship and etvmology which 
could only have been written by a scholar of 
very high attainments." — Saturday Review, 

Plato. PhSBdo. Literally translated, by the late E. M. 
Cope, Fellow of Trinity College, Cambridge, revised by Henry 
Jackson, Litt. D., Fellow of Trinity College. Demy 8vo. 5J. 

The TheflBtetus of Plato with a Translation and Notes by 
the late B. H. Kennedy, D.D. Crown 8vo. ^s, 6d. 

The Nuptial Number of Plato : its solution and signifi- 
cance, by J. Adam, M.A., Fellow and Tutor of Emmanuel College, 
Cambridge. Demy 8vo. 2s. 6d, net. 

Sophooles. The Plays and Fragments, with Critical Notes, 
Commentary, and Translation in English Prose, by R. C. J EBB, 
Litt.D., LL.D., Regius Professor of Greek in the University of 
Cambridge. 

Part I. Oedipus Tsrrannus. Demy 8vo. Second Edition. 
I2s, 6d. 

Part II. Oedipus Coldneus. Demy 8vo. Second Edition. 
i2s, 6d, 

Part III. Antigone. Demy 8vo. Second Edition. 12s. 6d. 

Part IV. PhllocteteB. Demy 8vo. 12s. 6d. 



Part V. Trachlnlae. Demy 8vo. 



[^Nearly ready. 



'* Of his explanatory and critical notes we 
can only speak with admiration. Thorough 
scholarship combines with taste, erudition, and 
boundless industry to make this first volume a 
pattern of editing. The work is made com- 
plete by a prose translation, upon pages alter- 
nating with the text, of which we may say 
shortly that it displays sound judgment and 
taste, without sacrificing precision to poetry of 
expression/' — The Times. 

"Professor Jebb's edition of Sophocles is 
already so fully established, and has received 
such appreciation in these columns and else- 
where, that we have judged this third volume 
when we have said that it is of a piece with 
the others. The whole edition so far exhibits 
perhaps the most complete and elaborate edit- 
orial work which has ever appeared." — Satur- 
day Review. 



"Prof. Jebb's keen and profound sympathy, 
not only with Sophocles and all the best of 
ancient Hellenic life and thought, but also with 
modern European culture, constitutes him an 
ideal interpreter between the ancient writer 
and the modem reader.'* — A thetueum. 

"It would be difficult to praise this third in- 
stalment of Professor Jebb's une(^ualled edition 
of Sophocles too warmly, and it is almost a 
work of supererogation to praise it at all. It is 
equal, at least, and perhaps superior, in merit, 
to either of his previous instalments ; and when 
this is said, all is said. Yet we cannot refrain 
from formally recognising once more the con- 
summate Greek scholarship of the editor, and 
from once more doing grateful homage to his 
masterly tact and literary skill, and to his un- 
wearied and marvellous industry*" — Spectator, 
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Fragments of Zeno and Cleanthes, an Essay which 

obtained the Hare Prize in the year 1889. By A. C. PEARSON, B.A., 
Christ's College, Cambridge. Crown 8vo. los. 

See also Pitt Press Series^ pp. 38, 39. 

Pronunciation of Ancient Greek, translated from the 

Third German edition of Dr Blass by W. J. PURTON, B.A., Pembroke 
College, Cambridge. Demy 8vo. 6^. 

An Introduction to Greek Epigraphy. Part I. The 
Archaic Inscriptions and the Greek Alphabet by E. S. Roberts, 
M.A., Fellow and Tutor of Gonville and Caius College. Demy 8vo. 
With illustrations. i8j. 



*' We will say at once that Mr Roberts ap- 
pears to have done his work very well. The 
book is clearly and conveniently arranged. 
The inscriptions are naturally divided accord- 
ing to the places to which they belong. Under 
each head are given illustrations sufficient to 
show the characteristics of the writing, one 
copy in letters of the original form (sometimes 
a facsimile) being followed by another in the 
usual cursive. References, which must have 
cost great labour, are given to the scattered 



notices bearing on each document. Explana- 
tory remarks either accompany the text or are 
added in an appendix. To the whole is pre- 
fixed a sketch of the history of the alphabet up 
to the terminal date. At the end the result is 
resumed in general tables of all the alphabets, 
classified according to their connexions; and a 
separate table illustrates the alphabet of Athens. 
The volume contains about five hundred in- 
scriptions, and forms a moderate octavo of about 
four hundred ^^ajges." -Saturday Review, 



LATIN. 
M. Tulli CiceroniB ad M. Brutum Orator. A revised 

text edited with Introductory Essays and with critical and expla- 
natory notes, by J. E. Sandys, Litt.D. Demy 8vo. idr. 

This volume, which is adorned with "A model edition." — Spectator. 

several good woodcuts, forms a handsome and *'The commentary is in every way worthy 

welcome addition to the Cambridge editions of of the editor's high reputation." — AcacUmy. 
Cicero's works.'* — Atheneeutn. 

M. T. Ciceronis de Finibus Bononim et Malorum Libri 

QUINQUE. The text revised and explained; with a Translation 
by James S. Reid, Litt. D., Fellow and Tutor of Gonville and Caius 
College. 3 Vols. \In the Press. 

Vol. III. Containing the Translation. Demy 8vo. Zs, 

M. Tulli CiceroniB de Natura Deorum Libri Tres^ with 

Introduction and Commentary by Joseph B. Mayor, M.A., together 
with a new collation of several of the English MSS. by J. H. 
SWAINSON, M.A. 

Vol. I. Demy 8vo. iolt. 6rf. Vol. II. I2J. 6d?. Vol. III. loj. 

'* Such editions as that of which Prof. Mayor way admirably suited to meet the needs of the 

has given us the first instalment will doubtless student . . . The notes of the editor are all that 

do much to remedy this undeserved neglect It could be expected from his well-known learn- 

is one on which great pains and much learning ing and scholarship." — ActuUmy, 
have evidently been expended, and is in every 

M. T. Ciceronis de Offlciis Libri Tres^ with Marginal 

Analysis, English Commentary, and copious Indices, by H. A. 
HOLDEN, LL.D. Revised and Enlarged Edition. Cr. 8vo. 9J. 

"Few editions of a classic have found so position of the work secure." — American 
much favour as Dr Holden's De Officiis, and Journal of Philology, 
the present revision (sixth edition) makes the 

M. T. CiceroniB de Offlciis Liber Tertius, with Intro- 
duction, Analysis and Commentary, by H. A. Holden, LL.D. 
Crown 8vo. is. 
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M. Tvlli Ciceronis pro C. Rabirio [Perdvellionis reo] 

ORATIO AD QVI RITES, with Notes, Introduction and Appen- 
dices by W. E. Heitland, M.A., Fellow and Tutor of St John's 
College, Cambridge. Demy 8vo. 7j. dd. 

P. Vergili Maronis Opera^ cum Prolegomenis et Com- 
mentario Critico edidit B. H. Kennedy, S.T.P., Extra Fcap. 8vo. 

A Latin-English Dictionary. Printed from the (Incom- 
plete) MS. of the late T. H. Key, M.A., F.R.S. Cr. 4to. 31^. 6^. 

Select Passages flrom Latin and Greek Authors for 

translation into English with short Notes by H. Bendall, M.A., 
Head Master of Blackheath Proprietary School. Part I. Easy. 
Crown 8vo. \s, 6d, 
Part II. Moderately Easy. 2s, 

See also Pitt Press Series^ pp. 40 — 43. 



CAMBRIDGE FHILOLOaiCAL SOCIETT'S 

PUBLICATIONS- 
Transactions. Vol. I. 1872 — 1880. 15^. Vol. II. 1881 — 

1882. With Index to Vols I., II. and Proceedings for 1882. 12s, 
Vol. III. Pt. I. 1886. 3J. td. Pt. II. 1889. 2s, Pt. III. 1890. 2s. 6d, 

Proceedings. I— III. 2s. 6d. IV— VI. 2s. 6d. VII— 

IX. 2s,6d, X— XII. 2s.6d, XIII— XV. 2s.6d, XVI— XVIII. 
2s,6d. XIX-— XXI. 2s.6d, XXII— XXIV. 1889. is. With Laws 
and List of Members for 1890. 

Spelling Reform and English Literature by H. Sweet. 

2d. PRONUNCIATION OF LATIN in the Augustan Period. 3^/. 



An Eighth Century Latin-Anglo-Saxon Glossary pre- 
served in the Library of Corpus Christi College, Cambridge. Edited 
by J. H. Hessels. Demy 8vo. los. 



CELTIC. 
A Grammar of the Irish Language. By Prof. Windisch. 

Translated by Dr Norman Moore. Crown 8vo. 7s. 6d. 



ENGLISH LITERATURE AND LITERARY HISTORY. 
Chapters on English Metre. By Rev. Joseph B. Mayor, 

M.A. Demy 8vo. 7s. 6d. 
Studies in the Literary Relations of England with 

GERMANY IN THE SIXTEENTH CENTURY. By C. H. 
Herford, M.A. Crown 8vo. 9J. 

London : C. J. Cla y &^ Sons, Cambridge University Press Warehouse, 
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From Shakespeare to Pope : an Inquiry into the causes 
and phenomena of the rise of Classical Poetry in England. By 
Edmund Gosse, M.A. Crown 8vo. ds. 

Grraj and his Friends. Letters and Relics in great part 
hitherto unpublished. By Rev. D. C. TOVEY, M.A. Crown 8vo. 6j 



OTHER MODERN EUROPEAN LITERATURE. 
Contributions to the Textual Criticism of the Divina 

COMMEDIA. Including the complete collation throughout the 
Inferno of all the MSS. at Oxford and Cambridge. By the Rev. 
Edward Moore, D.D. Demy 8vo. 2ij. 

" By far the most important and scholar-like work which has yet appeared on the subject." — 
Guardieat, 

The Literature of the French Renaissance. An Intro- 
ductory Essay. By A. A. Tilley, M.A. Cr. Svo. 6j. 



MATHEMATICS, PHYSICS AND CHEMISTRY. 
The Collected Mathematical Papers of Arthur Cayley, 

Sc.D., F.R.S., Sadlerian Professor of Pure Mathematics in the 
University of Cambridge. Demy 4to. lo vols. Vols. I. II. III. 
and IV. 2 5 J. each. [Vol. V. In the Press, 

Mathematical and Physical Papers^ by Sir G. G. Stokes, 

Sc.D., LL.D., F.R.S., Lucasian Professor of Mathematics in the 
University of Cambridge. Reprinted from the Original Joi^rnals 
and Transactions, with Additional Notes by the Author. Vol. I. 
Demy Svo. 15^. Vol. II. 15^. [Vol. III. In the Press, 

Mathematical and Physical Papers. By Sir W. Thomson, 

LL.D., D.C.L., F.R.S., Professor of Natural Philosophy in the 
University of Glasgow. Collected from different Scientific Periodicals 
from May 1841, to the present time. Vol. I, Demy Svo. iZs, 
Vol. II. 15J. Vol. III. iSj. 

The Scientific Papers of the late Prof. J. Clerk Maxwell. 

Edited by W. D. Niven, M.A., formerly Fellow of Trinity College. 
In 2 vols. Royal 4to. £1. y, (net). 

Catalogue of Scientific Papers compiled by the Royal 

SOCIETY OF LONDON : Vols. 1—6 for the years 1800— 1863, 
Royal 4to. cloth (vol. i in half morocco) £^ (net) ; half morocco 
£S- S^- (net). Vols. 7—8 for the years 1864 — 1873, cloth £i.iis.6d, 
(net); half morocco £2, ^s. (net). Single volumes cloth 20j. or 
half-morocco 28J. (net). Vol. IX. New Series for the years 1874 — 
1 883. Cloth 25 J. (net.); half morocco, 32J. (net.) 
Vol. X. [In the Press, 

A History of the Study of Mathematics at Cambridge. 

By ^V. W. Rouse Ball, M.A., Fellow and Lecturer on Mathematics 
of Trinity College, Cambridge. Crown Svo. 6s, 



London : C 7* ^^^ ^ ^ Sons^ Cambridge University Press Warehouse^ 
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Diophantos of Alexandria; a Study in the History of 
Greek Algebra. By T. L. Heath, M.A., Fellow of Trinity College, 
Cambridge. Demy 8vo. 7J. 6d. 

" This study in the history of Greek Algebra "The most thorough account extant of 

is nn exceedingly valuable contribution to the Diophantus's place, work, and critics." — 
history of mathematics." — Academy. A thenaum. 

A History of the Theory of Elasticity and of the 

STRENGTH OF MATERIALS, from Galilei to the present 
time. Vol. I. Galilei to Saint -Venant, 1639-1850. By the late 
I. TODHUNTER, Sc.D., F.R.S., edited and completed by Professor 
Karl Pearson, M.A. Demy Svo. 25J. 
Vol. II. Saint- Venant to Sir William Thomson. By the same Editor. 

[Nearly ready. 

The Elastical Researches of Barre de Saint- Venant 

(Extract from Vol. II. of Todhunter's History of the Theory of 
Elasticity), edited by Professor Karl Pearson, M.A. Demy Svo. 9^. 

A Short History of Qreek Mathematics. By J. Gow, 

Litt.D., Fellow of Trinity College. Demy Svo. loj. 6^. 

A Treatise on Plane Trigonometry. By E. W. HOBSON, 

M.A., Fellow of Christ^s College, Cambridge, and University Lecturer 
in Mathematics. Demy Svo. izj. 

A Treatise on the Theory of Determinants and their 

applications in Analysis and Geometry, by R. F. ScOTT, M.A., 
Fellow of St John's College. Demy Svo. 17.5, 

The Theory of Diiferential Equations. Part I. Exact 

Equations and Pfaff's Problem. By A. R. FORSYTH, ScD., F.R.S., 
Fellow of Trinity College, Cambridge. Demy Svo. I2J. 

An Elementary Treatise on Quaternions. By P. G. Tait, 

M.A. y^d Edition. Enlarged. Demy Svo. iSj. 

A Treatise on Natural Philosophy. By Sir W. THOMSON, 
LL.D., D.C.L., F.R.S., and P. G. Tait, M.A. Part I. Demy Svo. 
i6j. Part II. Demy Svo. iSj. 

Elements of Natural Philosophy. By Professors Sir W. 
Thomson and P. G. Tait. Demy Svo. 9J. 

A Treatise on Analytical Statics^ by E. J. Routh, ScD., 

F.R.S., Fellow of the University of London, Honorary Fellow of 
Peterhouse, Cambridge. Vol. I. Demy Svo. 14J. 

A Treatise on Elementary Dynamics. By S. L. Loney, 

M.A., late Fellow of Sidney Sussex College. Crown Svo. 7J. td. 

Solutions to the Examples in a Treatise on Elementary 

DYNAMICS. By the same Author. \In the Press, 

A Treatise on Geometrical Optics. By R. S. Heath, 

M.A., Professor of Mathematics in Mason Science College, Birming- 
ham. Demy Svo. 12s, td. 
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An Elementary Treatise on Geometrical Optics^ By 

R. S. Heath, M.A. Crown 8vo. ss. 

Hydrodynamics^ a Treatise on the Mathematical Theory of 
the Motion of Fluids, by H. Lamb, M.A. Demy 8vo. I2j. 

An Attempt to Test the Theories of Capillary Action, 

by Francis Bashforth, B.D., and J. C. Adams, M.A., F.R.S. 
Demy 4to. ;^i. is. 

A Revised Account of the Experiments made with the 

BASHFORTH CHRONOGRAPH to find the Resistance of the 
Air to the Motion of Projectiles, with the application of the Results 
to the Calculation of Trajectories according to J. Bernoulli's method 
by F. Bashforth, B.D. Demy 8vo. 12s, 

Astronomical Observations made at the Observatory of 
Cambridge by the late Rev. J. Challis, M.A. from 1846 to i86<3. 

Astronomical Observations from 1861 to 1865. Vol. XXL 

Royal 4to. 15J. From 1866 to 1869. VoL XXII. Royal 4to. 15^. 
Vol. XXI 1 1. [In the Press. 

The Mathematical Works of Isaac Barrow, D.D. Edited 

by W. Whewell, D.D. Demy 8vo. 7s. 6d. 

The Anal3rtical Theory of Heat, by Joseph Fourier. 

Translated, with Notes, by A. Freeman, M.A., formerly Fellow of 
St John's College, Cambridge. Demy 8vo. 12s. 

Elementary Thermodynamics, by J. Parker, M.A., Fellow 

of St John's College, Cambridge. Crown 8vo. qs. 

The Electrical Researches of the Hon. A. Cavendish, 

F.R.S. Written between 177 1 and 1781. Edited from the original 
MSS. in the possession of the Duke of Devonshire, K. G., by the 
late J. Clerk Maxwell, F.R.S. Demy 8vo. iZs. 

Practical Work at the Cavendish Laboratory. Heat. 

Edited by W. N. Shaw, M.A. Demy 8vo. 3^. 

A Treatise on the G-eneral Principles of Chemistry, by 

M. M. Pattison Muir, M.A. Second Edition. Demy 8vo. 15^. 

''The value of the book as a digest of the Lothar Meyer; bat in this country the student 

historical developments of chemical thought has had to content himself with such works as 

is immense." — Academy. Dr Tilden*s ' Introduction to Chemical Philo- 

" Theoretical Chemistry has moved so rapidly sophy', an admirable book in its way, but rather 

of late years that most of our ordinary text slender. Mr Pattison Muir having aimed at a 

books hiave been left far behind. German more comprehensive scheme, has produced a 

students, to be sure, possess an excellent guide systematic treatise on the principles of chemical 

to the present state of the science in ' Die philosophy which stands far in advance of any 

Modemen Theorien der Chemie' of Prof. Icindred work in our language."— v4M/»Mn»m. 

Elementary Chemistry. By M. M. Pattison Muir, M.A., 

and Charles Slater, M.A., M.B. Crown 8vo. 4J. 6d. 

Practical Chemistry. A Course of Laboratory Work. By 
M. M. Pattison Muir, M.A., and D. J. Carnegie, M.A. Crown 
8vo. 3^. 
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Notes on Qualitative Analysis. Concise and Explanatory. 
By H. J. H. Fenton, M.A., F.I.C., Demonstrator of Chemistry in 
the University of Cambridge. Crown 4to. New Edition. 6s. 

See also Pitt Press Mathematical Series^ p. 48. 
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Lectures on the Physiology of Plants^ by S. H. Vines, 

ScD., Professor of Botany in the University of Oxford. Demy 8vo. 
With Illustrations. 21s. 

** To say that Dr Vines' book is a most In erudition it stands alone among English 

^'aluable addition to our own botanical litera- books, and will compare favourably with any 

ture is but a narrow meed of praise : it is a foreign competitors. " — Nature. 

work which will take its place as cosmopolitan : ** The work forms an important contribu- 

no more clear or concise discussion of the diffi- tion to the literature of the subject. ...It will be 

cult chemistry of metabolism has appeared.... eagerly welcomed by all students." — Academy. 

Studies flrom the Morphological Laboratory in the 

UNIVERSITY OF CAMBRIDGE. Edited by Adam Sedgwick, 
M.A., Fellow and Lecturer of Trinity College, Cambridge. Vol. II. 
Part I. Royal Svo. los. Vol. II. Part II. 7s. 6d. Vol. III. Part I. 
7 s. 6d. Vol.111. Part II. 7s. 6d. Vol. IV. Parti. 12s. 6d. Vol. 
IV. Part II. lOf. Vol. IV. Part III. 5^. Vol. V. Part I. 7s. 6d. 

A Catalogue of Books and Papers on Protozoa, Coelen- 

TERATES, WORMS, and certain smaller groups of animals, pub- 
lished during the years 1861 — 1883, by D'Arcy W. Thompson, 
M.A. Demy 8vo. 12s. 6d, 

A Catalogue of the Collection of Birds formed by the late 
H. E. Strickland, now in the possession of the University of 
Cambridge. By O. Salvin, M.A. Demy 8vo. £1. is. 

Illustrations of Comparative Anatomy, Vertebrate and 

INVERTEBRATE, for the Use of Students in the Museum of 
Zoology and Comparative Anatomy. Second Edition. Demy 8vo. 
2s. 6d. 

Catalogue of Osteological Specimens contained in the 

Anatomical Museum of the University of Cambridge. Demy 8vo. 
2s. 6d. 

Catalogue of Type Fossils in the Woodwardian Museum^ 

CAMBRIDGE. By H. WOODS, B.A., F.G.S., of St John's College, 
with Preface by Professor T. M°Kenny Hughes. Demy 8vo. 7s. 6d. 

A Catalogue of the Collection of Cambrian and Silurian 

FOSSILS contained in the Geological Museum of the University 
of Cambridge, by J. W. Salter, F.G.S. With a Portrait of 
Professor Sedgwick. Royal 4to. 7s. 6d. 
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A Catalogue of Australian Fossils^ Stratigraphically and 
Zoologically arranged, by R. Etheridge, Jun., F.G.S. Demy 8vo. 

The Fossils and Paleeontological Affinities of the Neoco- 

MIAN DEPOSITS OF UPWARE AND BRICKHILL with 
Plates, being the Sedgwick Prize Essay for 1879. By the late 
W. Keeping, M.A. Demy 8vo. loj. 6d. 

The Bala Volcanic Series of Caernarvonshire and Asso- 
ciated ROCKS, being the Sedgwick Prize Essay for 1888 by 
A. Harker, M.A., F.R.S., Fellow of St John's College. Demy 8vo. 
7J. 6d, 



LAW. 

Digest XIX. 2^ Locati Conducti. Translated with Notes 
by C. H. Monro, M.A., Fellow of Gonville and Caius College. 
Crown 8vo. 5J. 

An Introduction to the Study of Justinian's Digest. 

Containing an account of its composition and of the Jurists used or 
referred to therein. By Henry John Roby, M.A., formerly Prof, 
of Jurisprudence, University College, London. Demy 8vo. 9^. 

Justinian's Digest. Lib. VII., Tit. I. De Usufructu, with 
Legal and Philological Commentary. By H. J. Roby, M.A. Demy 
8vo. gs. 
Or the Two Parts complete in One Volume. Demy 8vo. i8j. 

"Not an obscurity, philological, historical, whose decisions and arguments constitute its 
or le^, has been left unsifted. More inform- substance. Nowhere else can a clearer view 
ing aid still has been supplied to the student of be obtained of the personal succession by which 



the Digest at large by a preliminary account, the tradition of Roman legal science was sus 
covering nearly 300 pages, of the mode of tained and developed." — The'"' 
composition of the Digest, and of the jurists 



Selected Titles ft*om the Digest^ annotated by the late 
B. Walker, M.A., LL.D. Part I. Mandati vel Contra. Digest 
XVII. I. Crown 8vo. 5^. 

Part II. De Adquirendo rerum dominio and De Adquirenda vel 

amittenda possessione. Digest XLI. i and 1 1 . Crown 8vo. 6s, 

Part III. De Condictionibus. Digest xil. i and 4 — 7 and Digest 

XIII. I — 3. Crown 8vo. 6s, 

The Commentaries of Gaius and Rules of Ulpian. With 

a Translation and Notes, by J. T. Abdy, LL.D., Judge of County 
Courts, late Regius Professor of Laws in the University of Cam- 
bridge, and the late Bryan Walker, M.A., LL.D., New Edition 
by Bryan Walker. Crown 8vo. i6s, 

'* As scholars and as editors Messrs Ahdy way of reference or necessary explanation, 
and Walker have done their work well . . . For Thus the Roman jurist is allowed to speak for 
one thing the editors deserve special commen- himself, and the reader feels that he is really 



dation. They have presented Gains to the studying Roman lawi n the original, and not a 
few notes and those merely by fanciful representation of it." — Athefutunt. 



reader with 
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The Institutes of Justinian, translated with Notes by 
J. T. Abdy, LL.D., and the late Bryan Walker, M.A., LL.D. 
Crown 8vo. i6s. 



"We welcome here a valuable contribution 
to the study of jurisprudence. The text of the 
Institutes is occasionally perplexing, even to 
practised scholars, whose knowledge of clas- 
sical models does not always avail them in 
dealing with the technicalities of legal phrase- 
ology. Nor can the ordinary dictionaries be 
expected to furnish all the help that is wanted. 
This translation will then be of great use. To 



the ordinary student, whose attention is dis- 
tracted from the subject-matter by the dif- 
ficulty of struggling throu^^h the language in 
which it is contained, it will be almost indis- 
pensable. " — Spectator. 

" The notes are learned and carefully com- 
piled, and this edition will be found useful to 
students." — Law Times. 



The Fragments of the Perpetual Edict of Salvius Ju- 
lian US, collected, arranged, and annotated by Bryan Walker, 
M.A., LL.D., late Law Lecturer of St John's College, and Fellow 
of Corpus Christ! College, Cambridge. Crown 8vo. 6s, 

" In the present book we have the fruits of such a student will be interested as well as per 



the same kind of thorough and well-ordered 
study which was brought to bear upon the notes 
to the Commentaries and the Institutes . . . 
Hitherto the Edict has been almost inac- 
cessible to the ordinary English student, and 



haps surprised to find how abundantly the ex- 
tant fragments illustrate and clear up points 
which have attracted his attention in the Com- 
mentaries, or the Institutes, or the Digest."— 
Law Times. 



Grotius de Jure Belli et Pacis^ with the Notes of Bar- 

beyrac and others ; accompanied by an abridged Translation of the 
Text, by W. Whewell, D.D. late Master of Trinity College. 
3 Vols. Demy 8vo. i2s. The translation separate, 6s, 

The Science of International Law^ being a general sketch 

of the historic basis of the rules observed by states in their normal 
and abnormal relations in the past and the present. By THOMAS 
Alfred Walker, M.A., LL.M. of the Middle Temple; Fellow of 
Peterhouse, Cambridge, sometime Lightfoot Scholar and Senior 
Whewell Scholar for International Law. Demy 8vo. [Nearly ready. 

An Analysis of Criminal Liability. By £. C. Clark, 

LL.D., Regius Professor of Civil Law in the University of Cambridge, 
also of Lincoln's Inn, Barrister-at-Law. Crown 8vo. ys, 6d, 

Practical Jurisprudence^ a Comment on Austin. By 
E. C. Clark, LL.D. Crown 8vo. 9^. 



"Damit schliesst dieses inhaltreiche und 
nach alien Seiten anregende Buch fiber Prac- 



tical Jurisprudence." — K5nig. Centralblatt/Ur 
Rechtswissenschaft. 



The Constitution of Canada. By J. E. C. Munro, LL.M., 

Professor of Law and Political Economy at Victoria University, 
Manchester. Demy 8vo. \os, 

m 

Elements of the Law of Torts. A Text-book for Students. 
By Melville M. Bigelow, Ph.D., Lecturer in the Law School of 
the University of Boston, U.S.A. Crown 8vo. io.y. 6d. 

" It is based on the original American edition, 



but it is an English Text-book with English 
authorities and statutes and illustrations sub- 
stituted very generally for the American . . . The 
style is easy and lucid, though condensed, 



showing great grasp of subject ... A very full 
index enhances the value of this book, which 
should take a prominent place among the really 
trustworthy text-books for the use of students." — 
Law Times. 
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A Selection of Cases on the English Law of Contract. 

By Gerard Brown Finch, M.A., of Lincoln's Inn, Barrister at 
Law. Royal 8vo. 28^. 

"An invaluable guide towards the best method of legal study." — Law Quarterfy 
Review, 

Bracton's Note Book. A Collection of Cases decided in 

the King's Courts during the reign of Henry the Third, annotated 
by a Lawyer of that time, seemingly by Henry of Bratton. Edited 
by F. W. Maitland of Lincoln's Inn, Barrister at Law, Downing 
Professor of the Laws of England. 3 vols. Demy 8vo. Buckram. 
£3, 3s. Net 

A Selection of the State Trials. By J. W. Willis-Bund, 

M.A., LL.B., Professor of Constitutional Law and History, Univer- 
sity College, London. Crown 8vo. Vols. I. and IL In 3 parts. 
Now redaced to 30j. {originally published at 46^.) 

"This work is a very useful contribution to growth and development of the law of treason, 
that important branch of the constitutional his- as it may be gathered from trials before the 
tory of^England which is concerned with the ordinary courts."— The Academy. 

Oommons and Common Fields^ or the History and 

POLICY OF THE LAWS RELATING TO COMMONS AND 
ENCLOSURES IN ENGLAND. Being the Yorke Prize Essay 
for 1886. By T. E. Scrutton, M.A. \os,()d. 

An Historical Sketch of the Equitable Jurisdiction of 

THE COURT OF CHANQERY. Being the Yorke Prize Essay 
for 1889. By D. M. Kerly, M.A., St John's College. Demy 8vo. 
1 2 J. 6//. 

History of Land Tenure in Ireland ^ Being the Yorke 
Prize Essay for 1888. By W. E. Montgomery, M.A., LL.M. 
Demy 8vo. loj. dd. 

History of the Law of Tithes in England. Being the 

Yorke Prize Essay for 1887. By W. Easterby, B.A., LL.B., St 
John's College and the Middle Temple. Demy 8vo. 7^. td. 

The History of the Law of Prescription in England. 

Being the Yorke Prize Essay of the University of Cambridge for 
1890. By T. A. Herbert, B.A., LL.B., of the Inner Temple, 
Barrister at Law. Demy 8vo. loj. 

Land in Fetters. Being the Yorke Prize Essay for 1885. 
By T. E. Scrutton, M.A. Demy 8vo. ^s. 6^. 

Tables shewing the Differences between English and 

INDIAN LAW. By Sir Roland Knyvet Wilson, Bart, M.A., 
LL.M. Demy 4to. \s. 
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f HISTORY. 

Cambridge Historical Essays. 

Political Parties in Athens during the Peloponnesian 

WAR, by L. Whibley, M.A., Fellow of Pembroke College, 
Cambridge. (PrinceConsort Dissertation, 1888.) Second Edition, 
Crown 8vo. 2s, 6d, 

^ Pope Gregory the Great and his Relations with 

GAUL, by F. W. Kellett, M.A., Sidney Sussex College. 
(Prince Consort Dissertation, 1888.) Crown 8vo. 2s. 6d, 

The Constitutional Experiments of the Common- 

WEALTH (Thirlwall Prize Essay, 1889), by E. Jenks, M.A., 
LL.B., Fellow of King's College, Cambridge. Crown 8vo. 2s, 6d. 

On Election by Lot at Athens. By J. W. Headlam, 

M.A., Fellow of King's College, Cambridge. (Prince Consort 
Dissertation, 1890.) Crown 8vo. 2s. 6d, 

The Influence and Development of English Gilds. 

(Thirlwall Prize Essay, 1891.) By Y, Aidan Hibbert, B.A., 
St John's College. Crown 8vo. jj. 

The Destruction of the Somerset Religious Houses 

AND ITS EFFECTS. By W. A. J. Archbold, B.A., LL.B., 
Peterhouse, Cambridge. (Prince Consort Dissertation, 1890.) 
Crown 8vo. \Nearly ready. 

The Early History of Frisia^ with special relation to 
its Conversion. By W. E. Collins, B.A., Selwyn College, 
Cambridge. (Prince Consort Dissertation, 1890.) Crown 8vo. 

\Preparing, 

The Origin of Metallic Currency and Weight Standards. 

By W. RlDGEWAY, M.A., Professor of Greek, Queen's College, Cork, 
and late Fellow of Gonville and Caius College. Demy 8vo. 

[Nearly ready. 

The Growth of English Industry and Commerce during 

THE EARLY AND MIDDLE AGES. By W. Cunningham, 
^ D.D., Fellow of Trinity College, Cambridge. Demy 8vo. i6j. 

" Dr Cunningham's book is one of excep- marshalling the varied facts in the vast field 

tional interest and usefulness. It cannot be which has been traversed, and by singular 

too highly praised. It is characterised by re- clearness and felicity of expression." — Scots^ 

search and thought, by a remarkable power of man. 

The Growth of English Industry and Oonmierce in 

MODERN TIMES. By the same Author. Demy 8vo. 

[In the Press, 
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A History of Epidemics in Britain. From a.d. 664 to the 
extinction of Plague in 1666. By Charles Creighton, M.D., 
M.A., formerly Demonstrator of Anatomy in the University of 
Cambridge. Demy 8vo. i8j. 

Bradshaw^ Henry. Two unfinished papers by the late 
Henry Bradshaw. i. The Collectio Canonum Hibernensis. 
2. On the Chartres and Tours MSS. of the Hibernensis. (64 pp.) 
Demy 8vo. 2s, 6d, 

Iiiber Niger: The Black Book, with other Customs and 
Statutes of the Church of Lincoln arranged by Henry Bradshaw, 
M.A., late Fellow of King's College Cambridge and University 
Librarian. Edited from the papers of the Author, by C. Words- 
worth, M.A. Demy 8vo. 12s, 6d. 

Ecclesiae Londino-Batavae Arohiwm. ToMVS Frimvs. 

Abrahami Ortelii et virorum eruditorum ad eundem et ad 
JACOBVM CoLiVM Ortelianvm Epistulae, 1524— 1628. TOMVS 
Secvndvs. EPISTVLAE ET TRACTATVS cum Reformationis 
tum Ecclesiae Londino-Batavae Historiam lUustrantes 1544 — 1622. 
Ex autographis mandante Ecclesia Londino-Batava edidit Joannes 
Henricvs Hessels. Demy 4to. Each volume, separately, ^^3. loj. 
Taken together £^. 5 j. Net, 

The Growth of British Policy, by J. R. Seeley, M.A. 

[In the Press, 

The Despatches of Earl Gower, English Ambassador at 
the court of Versailles from June 1790 to August 1792, to which are 
added the Despatches of Mr Lindsay and Mr Munro, and the Diary 
of Lord Palmerston in France during July and August 1791. Edited 
by Oscar Browning, M.A. Demy 8vo. 15J. 



Life and Times of Stein^ or Germany and Prussia in the 

NAPOLEONIC AGE, by J. R. Seeley, M.A., Regius Professor 
of Modern History in the University of Cambridge, with Portraits 
and Maps. 3 Vols. Demy 8vo. 30?. 



" Dr Busch's volume has made people think 
and talk even more than usual of Prince Bis- 
marck, and Professor See ley's very learned work 
on Stein will turn attention to an earlier and an 
almost equally eminent German statesman.... 
He was one, perhaps the chief, of the illus- 
trious group of strangers who came to the 
rescue of Prussia in her darkest hour, about 
the time of the inglorious Peace of Tilsit, and 
who laboured to put life and order into her 
dispirited army, her impoverished finances, and 
her inefficient Civil Service. Englishmen will 



feel very pardonable pride at seeing one of 
their countrymen undertake to write the his- 
tory of a period from the investigation of 
which even laborious Germans are apt to 
shi ink. " — Times. 

" In a notice of this kind scant justice can 
be done to a work like the one before us ; no 
short risutni can give even the most meagre 
notion of the contents of these volumes, which 
contain no page that is superfluous, and none 
that is iminteresting." — Atkefueum. 



Rhodes in Ancient Times. By Cecil Torr, M.A. With 

six plates. Demy 8vo. ioj. 6d, 

Rhodes in Modem Times. By the same Author. With 
three plates. Demy 8vo. 8j. 
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Chronological Tables of Greek History. Accompanied 
by a short narrative of events, with references to the sources of 
information and extracts from the ancient authorities, by Carl 
Peter, Translated from the German by G. Chawner, M.A., 
Fellow of King's College, Cambridge. Demy 4to. los. 

History of Nepal^ translated by MuNSHi Shew Shunker 

Singh and Pandit Shr! Gunanand ; edited with an Introductory 
Sketch of the Country and People by Dr D. Wright, late 
Residency Surgeon at K&thm&ndu, and with facsimiles of native 
drawings, and portraits of Sir Jung Bahadur, the King of Nepal, 
&c. Super-royal 8vo. los. 6d, 

Kinship and Marriage in Early Arabia^ by W. Robertson 

Smith, M.A., LL.D., Professor of Arabic and Fellow of Christ's 
College. Crown 8vo. 7s, 6d, 

" It would be superfluous to praise a book early history can afford to be without Kinship 
so learned and masterly as Professor Robertson in Early Arabia.** — Nature. 
Smith's ; it is enough to say that no student of 



Natural Religion in India. The Rede Lecture delivered 
in the Senate-House on June 17, 1891, by Sir Alfred Lyall, 
K.C.B., K.C.I.£« Cloth, 2J. Paper covers, u. 



BIOaSAPHT. 

Erasmus. The Rede Lecture, delivered in the Senate- 
House, Cambridge, June 11, 1890, by R. C. J ebb, LittD., Regius 
Professor of Greek. Cloth, 2J. Paper Covers, \s. 

The Life and Letters of the Reverend Adam Sedgwick, 

LL.D., F.RS., Fellow of Trinity College, Cambridge, and Wood- 
wardian Professor of Geology from 181 8 to 1873. (Dedicated, by 
special permission, to Her Majesty the Queen.) By John Willis 
Clark, M.A., F.S.A., formerly Fellow of Trinity College, and 
Thomas M^Kenny Hughes, M.A., Woodwardian Professor of 
Geology. 2 vols. Demy 8vo. 36J. 

his simplicity, his piety, his kindliness, his un- 
tidiness, his playful humour, his prejudices and 
his enthusiasms, we have no words save of 
praise ; and we trust that these two sumptuous 
volumes will long keep green the memory of 
one of the last and greatest of that remarkable 
company of ^reat men who were the pride and 
glory of Trinity College during the eanier years 
of the present century.'* — Saturday Review, 



" Beyond question, the principal book of the 
present week (JuQ^ ^^i 1890) is the Life and 



Letters of the Reverend Adam Sedgwick." — 
Times. 

" Sedgwick has been fortunate in having the 
story of his life told by two men. both of whom 
knew him intimately, and who nave spared no 
pains to set his gracious personality as well as 
nis scientific wonc clearly before their readers. 
...For the picture given us of the man himself. 



Memorials of the Life of George Elwes Oorrie^ D.D.^ 

formerly Master of Jesus Coll., Cambridge. Edited by M. Holroyd. 
Demy 8vo. 1 2s, 
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TRAVELS. 

Travels in Arabia Deserta in 1876 and 1877. By 

Charles M. Doughty, of GonviUe and Caius College. With 
Illustrations and a Map. 2 vols. Demy 8vo. £^, 3^. 

"This is in several respects a remarkable with more enthusiasm and love." — Times. 
book. It records the ten years' travels of the " We judge this book to be the most re- 
author throughout Northern Arabia, in the markable record of adventure and research 
Hejas and Nejd, from Syria to Mecca. No which has been published to this generation." 
doubt this region has been visited by previous — Spectator. 

travellers, but none, we venture to think, have '' Its value as a storehouse of knowledge 

done their work with so much thoroughness or cannot be exaggerated." — Saturday Review, 

A Journey of Literary and ArchSBological Research in 

NEPAL AND NORTHERN IN.DIA, during the Winter of 
1884-5. By Cecil Bendall, M.A., Professor of Sanskrit in 
University College, London. Demy 8vo. \os. 



ABT, &c. 

A Catalogue of Ancient Marbles in Great Britain, by 

Prof. Adolf Michaelis. Translated by C. A. M. Fennell, 
Litt. D. Royal 8vo. Roxburgh (Morocco back), £7., 2s, 

"The book is beautifully executed, and with grateful to the Syndics of the University Press 

a few handsome plates, and excellent indexes, for the liberal facilities afforded by them to- 

does much credit to the Cambridge Press. All wards the production of this important volume 

lovers of true art and of good work should be by Professor Michaelis." — Saturday Review. 

Some Interesting Syrian and Palestinian Inscriptions^ 

by J. Rendel Harris, M.A. Royal 8vo. 4?. 

The Engraved Gems of Classical Times^ with a Catalogue 

of the Gems in the Fitzwilliam Museum, by J. Henry Middleton, 
M.A., Slade Professor of Fine Art. Royal 8vo. Buckram, 12s. (>d. 

The Types of Greek Coins. By Percy Gardner, LittD., 

F.S.A. With 16 Autotype, plates, containing photographs of Coins 
of all parts of the Greek World. Impl. 4to. Cloth extra, ;^i. i is, 6d.\ 
Roxburgh (Morocco back), £2, 2s. 

*' Professor Gardner's book is written with be distinctly recommended to that omnivorous 
such lucidity and in a manner so straii^htfor- class of readers — 'men in the schools'."— «S'0- 
ward that it may well win converts, and it may turday Review. 

Essays on the Art of Pheidias. By C. Waldstein, 

Litt. D., Phil. D., Reader in Classical Archaeology in the University 
of Cambridge. Royal 8vo. 16 Plates. Buckram, 30J. 

" His book will be universally welcomed as " ' Essays on the Art of Pheidias' form an 

a very valuable contribution towards a more extremely valuable and important piece of 

thoroughknowledgeof the style of Pheidias." — work. . . . Taking it for the illustrations alone. 

The Academy. it is an exceedingly fascinating book." — Times, 

The Woodcutters of the Netherlands during the last 

quarter of the Fifteenth Century. In 3 parts. I. History of the 
Woodcutters. II. Catalogue of their Woodcuts. III. List of Books 
containing Woodcuts. By W. M. Conway. Demy 8vo. loj. W, 
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The Uteraiy Remains of Albrecht Durer, by W. M. 

Conway. With Transcripts jfrom the British Museum MSS., and 
Notes by LiNA Eckenstein. Royal 8vo. 21s. {The Edition is 
limited to 500 copies^ 

The Collected Papers of Henry Bradshaw^ including his 

Memoranda and Communications read before the Cambridge An- 
tiquarian Society. With 13 faC'Similes, Edited by F. J. H. 
JENKINSON, M.A., Fellow of Trinity College. Demy 8vo. los, 

MISCELLANEOUS. 

Town and Gown. Five Years' Work in St George's Cam- 
berwell. By J. Tetley Rowe, M.A., Trinity College, Missioner, 
with Preface by the Rev. H. Montagu Butler, D.D., Master of 
Trinity College. Crown 4to. with Illustrations, is. 

MUSIC. 

Counterpoint. A Practical Course of Study, by the late 
Professor Sir G. A. Macfarren, M.A., Mus. Doc. New Edition, 
revised. Crown 4to. 75, 6d. 

EDUCATIONAL SCIENCE, &c. 
Eighteen Tears of University Extension. By R. D. 

Roberts, M.A., D.Sc, Organizing Secretary for Lectures to the 
Local Examinations and Lectures Syndicate. With Map. Crown 
8vo. IS, 

Oocasional Addresses on Educational Subjects. By 

S. S. Laurie, M.A., LL.D. Crown 8vo. 5^. 

Lectures on Language and Linguistic Method in the 

SCHOOL, delivered in the University of Cambridge. By S. S. 
Laurie, M.A., LL.D. Crown 8vo. 4J. 

Lectures on Teaching, delivered in the University of 
Cambridge in the Lent Term, 1880. By J. G. Fitch, M.A., LL.D. 
Her Majesty's Inspector of Training Colleges. Crown 8vo. New 
Edition. 5J. ^ 

" Mr Fitch's book covers so wide a field best existing vade mecum for the teacher." — 
and touches on so many burning questions that Pall Mall Gazette. 
we must be content to recommend it as the 

Lectures on the Growth and Means of Training the 

MENTAL FACULTY, delivered in the University of Cambridge. 
By F. Warner, M.D., F.R.C.P. Crown 8vo. 4^. 6d, 

SHORTHAND. 
A Primer of Cursive Shorthand. By H. L. Callendar, 

M.A. Ex. Fcap. 8vo. 6d, 

Essasrs firom the Spectator in Cursive Shorthand. By 

H. L. Callendar, M.A. Ex. Fcap. 8vo. 6d, 

Reading Practice in Cursive Shorthand. Easy Extracts 

for Beginners. The Gospel according to St Mark, (First half). 
The Vicar of Wakefield. Chaps. I. — V. Alice in Wonderland. 
Chap. VI L 3^. each. 

London : C, 7. Cla y <Sr* Sons, Cambridge University Press Warehouse^ 
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A System of Phonetic Spelling adapted to English. By 

H. L. Callendar, M.A. Ex. Fcap. 8vo. 6d, 

A Manual of Orthographic Cursive Shorthand. The 

Cambridge System. By H. L. Callendar, M.A. Ex. Fcap. 8vo. is. 

A Manual of Cursive Shorthand. By H. L. Callendar, 

M.A., Fellow of Trinity College. Ex. Fcap. 8vo. 2s. 



GAMBRIDaE. 
The Architectural History of the University of Cam- 

BRIDGE AND OF THE COLLEGES OF CAMBRIDGE AND 
ETON, by the late Robert Willis, M.A. F.R.S., Jacksonian 
Professor in the University of Cambridge. Edited with large 
Additions and brought up to the present time by John Willis 
Clark, M.A., formerly Fellow of Trinity College, Cambridge. Four 
Vols. Super Royal 8vo. £6. 6s. 

Also a limited Edition of the same, consisting of 120 numbered 
Copies only, large paper Quarto ; the woodcuts and steel engravings 
mounted on India paper ; price Twenty-five Guineas net each set. 

The University of Cambridge ftrom the Earliest Times 

TO THE ROYAL INJUNCTIONS OF 1535, by J. B. MuLLlNGER, 
M.A., Lecturer on History and Librarian to St John's College. 
Part I. Demy 8vo. (734 pp.), 12s. 

Part II. From the Royal Injunctions of 1535 to the Accession of 

Charles the First. Demy 8vo. iZs, 



" He shews in the statutes of the Colleges, " Mr MuUinger displays an admirable 

the internal oreanization of the University, its thoroughness in his work. Nothing could be 
connection with national problems, its studies, more exhaustive and conscientious than his 



its social life. All this he combines in a method : and his style. ..is picturesque and 
form which is eminently readable."- Prof. elevated." — Times. 
Crbighton in Cont. Review. 

Scholae Academicae : some Account of the Studies at 

the English Universities in the Eighteenth Century. By C. 
Wordsworth, M.A., Fellow of Peterhouse. Demy 8vo. lar. 6//. 

" Mr Wordsworth has collected a great '. . . To a great extent it is purely a book of re- 
quantity of minute and curious information ference, and as such it will be of permanent 
about the working of Cambridge institutions in value for the historical knowledge of English 
the last century, with an occasional comparison education and learning." — Saturday Review. 
of the corresponding state of things at Oxford. 

History of the College of St John the Evangelist^ by 

Thomas Baker, B.D., Ejected Fellow. Edited by John E. B. 
Mayor, M.A. Two Vols. Demy 8vo. 24J. 

Admissions to Gonville and Caius College in the Uni- 
versity of Cambridge March 1558 — 9 to Jan. 1678—9. Edited by 
J. Venn, Sc.D., and S. C. Venn. Demy 8vo. los. 

A Chronological Iiist of the Graces^ Documents and 

other Papers in the University Registry which concern the Univer- 
sity Library. Demy 8vo. 2s. 6d. 

Trusts, Statutes and Directions affecting (i) The Pro- 
fessorships of the University. (2) The Scholarships and Prizes. 
(3) Other Gifts and Endowments. Demy 8vo. sj. 
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I Graduati Cantabiiglenses : sive Oatalogus ezliibens 

nomina eorum quos gradu quocunque ornavit Academia Cantabri- 
giensis (1800— 1884). Cura H. R. Luard S. T. P. Demy 8vo. 
1 2 J. (id. 

Statutes of the University of Cambridge and for the 

Colleges therein, made, published and approved (1878 — 1882) under 
the Universities of Oxford and Cambridge Act, 1877. With an 
Appendix. Demy 8vo. its. 

Statutes of the University of Cambridge. With Acts 

of Parliament relating to the University. 8vo. 3J. 6^. 

Ordinances of the University of Cambridge. Demy 8vo. 

7 J. dd. Supplement to ditto, is. In one Volume. 8j. 6//. 

Compendium of University Regulations. 6^. 
Cambridge University Reporter. {Published by A uthority). 

Contammg all the Official Notices of the University, Reports of 
Discussions in the Schools, and Proceedings of the Cambridge 
Philosophical, Antiquarian and Philological Societies. 3//. weekly. 



GATALOaUES. 

University Library. 

A Catalogue of the Manuscripts preserved in the 

Library of the University of Cambridge. Demy 8vo. 5 Vols. 
los, each. INDEX TO THE CATALOGUE. Demy 8vo. 
los, 

A Catalogue of Adversaria and Printed Books 

preserved in the Library of the University of Cambridge. 3^. dd, 

Catalogus BibliothecaB Burkhardtianse. Demy 4to. 

IS. 

Catalogue of the Hebrew Manuscripts preserved in 

the University Library, Cambridge. By the late Dr S. M. 
SCHiLLER-SziNESSY. Volume I. containing Section i. The 
Holy Scriptures; Section ll. Commentaries on the Bible, 
Demy 8vo. 9J. 

Catalogue of the Buddhist Sanskrit Manuscripts. 

in the University Library, Cambridge. Edited by C. Bendall, 
M.A., Fellow of Gonville and Caius College. Demy 8vo. lis. 

Bulletin (weekly)^ containing the titles of new books 

added to the Library. Crown 8vo. 6j. a year paid in advance. 

Catalogue of the books on Logic presented by J. 
Venn, Sc.D. (Bulletin, Vol. V., extra series.) 7.s, 6d, 

A Catalogue of the Portsmouth Collection of Books and 

PAPERS written by or belonging to SiR Isaac Newton. Demy 
8vo. 5J. 

The Illuminated Manuscripts in the Library of the 

Fitzwilliam Museum, Catalogued with Descriptions, and an Intro- 
duction, by W. G. Searle, M.A. Demy 8vo. 7s, 6d, 
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CAMBRIDGE UNIVERSITY EXAMINATION PAPERS. 

These Papers are published in occasional numbers every Tenn, and in 

volumes for the Academical year. 

Vol. XVII. Papers for the year 1887—88 ; Vol. XVIII. for 
the year 1888—89 ; Vol. XIX. for the year 1889—90 ; Vol. XX. for 
the year 1890—91, 15J. each, cloth. 



COLLEGE EXAMINATION PAPEBS. 

Examination Papers for Entrance and Minor Scholar- 
ships and Exhibitions in the Colleges of the University of Cam- 
bridge. Part I. Mathematics and Science. Part II. Classics, 
Mediaeval and Modern Languages and History (Michaelmas Term, 
1890). Part III. Mathematics and Science. Part IV. Classics, 
Law and History (Lent Term, 1891). Price 2J. each. 



CAMBRIDGE LOCAL EXAMINATIONS. 

Examination Papers, for various years, with the Regu- 
lationsfor the Examination, Demy 8vo. 2J. each, by Post 7,s, 2d, 

Class Lists^ for various years, Boys u., Girls 6d, 

Annual Reports of the Ssrndicate^ with Supplementary 

Tables showing the success and failure of the Candidates. 2s, each, 
by Post 2s, yi. 



CAMBRIDGE HIGHEB LOCAL EXAMINATIONS. 
Examination Papers^ for various years, with the Regulations 

for the Examination, Demy 8vo. 2s, each, by Post 2s, 2d, 
Class Ifists^ for various years. \s, each, by Post, i^. 2d, 
Reports of the Ssrndioate. Demy 8vo. \s,, by Post, \s, 2d, 



TEACHERS' TBAINING SYNDICATE. 

Examination Papers^ for various years, to which are added 
the Regulations for the Examination, Demy 8vo. 6^/., by Post ^d. 



OXFORD & CAMBRIDGE SCHOOLS EXAMINATIONS. 
Papers set in the Examination for Certificates^ July^ 

189I. 25, 

Papers set in the Examination for Commercial Certifi- 
cates, July, 1 89 1, dd, 

List of Candidates who obtained Certificates at the 

Examination held in 1891 ; and Supplementary Tables. 9^. 

Regulations of the Board for 1892. 9^. 

Regulations for the Commercial Certificate^ 1892. ^d. 

Report of the Board for year ending Oct. 31^ 1891. \s. 
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C|b( Cami)titijse Bible for 
^tiioote antr CDllejg:es« 

General Editor : J. J. S. Perowne, D.D., Bishop of Worcester. 



'* It is difficult to commend too highly this exceUent series."— Gwan/tieiM. 

" The modesty of the genei;^ title of this series has, we believe, led many to mistinderstand 
its character and underrate its value. The books are well suited for study in the upper forms of 
our best schools, but not the less are they adapted to the wants of all Bible students who are not 
specialists. We doubt, indeed, whether any of the numerous popular commentaries recently 
issued in this country will be found more serviceable for general use.'* — Academy. 

** One of the most popular and useful literary enterprises of the nineteenth century."-— ^0//m/ 
Magazine. 

** Of great value. The whole series of comments for schools is highly esteemed by students 
capable of forming a judgment. The books are scholarly without being pretentious : information 
b so given as to be easily understood." — Sword and Trowel, 

The Bishop of Worcester has undertaken the general editorial supervision 
of the work, assisted by a sta£f of eminent coadjutors. Some of the books have 
been already edited or undertaken by the following gentlemen : 

Rev. A. Carr, yi^A., late Assistant Master at Wellington College, 

Rev. T. K. Cheyne, M.A., D.D., Canon of Rochester, 

Rev. A. B. Davidson, D.D., Professor of Hebrew, Edinburgh, 

The Ven. F. W. Farrar, D.D., Archdeacon of Westminster, 

Rev. G. G. FiNDLAY, B.A., Professor of Biblical Languages, Wesleyan 

College, Headingley, 
Rev. C. D. Ginsburg, LL.D. 

Rev. A. E. Humphreys, M.A., late Fellow of Trinity College, Cambridge, 
Rev. A. F. KiRKPATRiCK, B.D., Fellow of Trinity College, Regius Professor 

of Hebrew, 
Rev. J. J. Lias, M. A., late Professor at St David's College, Lampeter, 
Rev. J. R. LuMBY, D.D., Norrisian Prqfessor of Divinity, 
Rev. G. F. Maclear, D.D., Warden of St Augustine's College, Canterbury, 
Rev. H. C. G. MouLE, M.A., late Fellow of Trinity College, Principal of 

Ridley HcUl, Cambridge, 
Rev. E. H. Perowne, D.D., Master of Corpus Christi College, Cambridge. 
The Ven. T. T. Perowne, B.D., Archdeacon of Norwich, 
Rev. A. Plummer, M.A., D.D., Mcuter of University College, Durham, 
The Very Rev. E. H. Plumptre, D.D., late Dean of Wells. 
Rev. H. E. Ryle, M.A., Hulsean Professor of Divinity, 
Rev. W. H. SiMCOX, M. A., late Rector of Harlaxton, 
W. Robertson Smith, M.A., Professor of Arabic and Fellow of Christ s 

College, 
The Very Rev. H. D. M. Spence, D.D., Dean of Gloucester, 
Rev. A. W. Streane, B.D., Fellow of Corpus Christi College, Cambridge, 
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THE CAMBRIDGE BIBLE FOB SCHOOLS ^ COLLEGES. Cont 

Now Ready, Cloth^ Extra Fcap. Zvo. 
The Book of Joshua. By the Rev. G. F. Maclear, D.D. 

With 2 Maps, is, 6d, 

The Book of Judges. By the Rev. J. J. Lias, M.A. With 

Map. 3^. 6d. 

The First Book of Samuel By the Rev. Professor 

KiRKPATRiCK, B.D. With Map. ^s, 6d. 

The Second Book of Samuel. By . the Rev. Professor 

KiRKPATRiCK, B.D. With 2 Maps. 3J. 6d. 

The First Book of Brings. By Rev. Professor LUMBY, 

D.D. jj. 6d, 

The Second Book of BUngs. By the same Editor. 3.^. 6d, 
The Book of Job. By the Rev. A. B. Davidson, D.D. 5^. 
The Book of Psalms. Book I. Psalms i. — xli. By the 

Rev. Prof. Kirkpatrick, B.D. 3J. 6d. 

The Book of Ecclesiastes. By the Very Rev. E. H. 

Plumptre, D.D. 5J. 

The Book of Jeremiah. By the Rev. A. W. Streane, 

B.D. With Map. 4J. 6d. 

The Book of Hosea. By Rev. T. K. Cheyne, M. A., D.D. 3^. 
The Books of Obadiah and Jonah. By Archdeacon 

Perowne. 2J. 6d, 

TheBookof Micah. By Rev. T. K. Cheyne, D.D. is.6d. 
The Books of Haggai^ Zechariah and Malachi. By 

Archdeacon Perowne. y, 6d, 

The Book of Malachi. By Archdeacon Perowne. is. 
The Gospel according to St Matthew. By the Rev. A. 

Carr, M.A. With 2 Maps, is, 6d, 

The Qcspel according to St Mark. By the Rev. G. F. 

Maclear, D.D. With 4 Maps, is, 6d, 

The Gospel according to St Luke. By Archdeacon F. W. 

Farrar. With 4 Maps. 4s, 6d, 

The Gospel according to St John. By the Rev. A. 

Plummer, M.A., D.D. With 4 Maps. 4J. 6d, 

The Acts of the Apostles. By the Rev. Professor Lumby, 

D.D. With 4 Maps. 4^. 6d, 

The Epistle to the Romans. By the Rev. H. C. G. MOULE, 

M.A. y, 6d, 

London : C, y. Cla y 6* Sons, Cambridge University Press Warehouse, 
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THE OAMBBIDGE BIBLE FOB SCHOOLS ^ COLLEGES. Cont. 
The First Epistle to the Ooiinthlans. By the Rev. ]. J. 

Lias, M. A. With a Map and Plan, is. 

The Second Epistle to the Corinthians. By the Rev. 

J. J. Lias, M.A. is. 

The Epistle to the aalatlans. By the Rev. E. H. Perowne, 

D.D. ij. 6^. 

The Epistle to the Epheslans. By the Rev. H. C. G. 

MouLE, M.A. IS. 6d. 

The Epistle to the PhlUpplans. By the Rev. H. C. G. 

MouLE, M.A. IS. 6d. 

The Epistles to the Thessalonlans. By the Rev. G. G. 

FiNDLAY, B.A. IS. 

The Epistle to the Hebrews. By Arch. Farrar. 3.^. 6d. 
The General Epistle of St James. By the Very Rev. E. H. 

Plumptre, D.D. I J. 6d. 

The Epistles of St Peter and St Jude. By the same 

Editor. IS. 6d. 

The Epistles of St John. By the Rev. A. Plummer, M.A., 

D.D. jj. 6d. 

The Book of Revelation. By Rev. W. H. SiMCOX, M.A. 3^. 



Preparing. 

The Book of Genesis. By the Bishop of Worcester. 
The Books of Exodus^ Numbers and Deuteronomy. )^y 

the Rev. C. D. Ginsburg, LL.D. 

The Books of Ezra and Nehemlah. By the Rev. Prof. 

Ryle, M.A. 

The First and Second Books of Chronicles. By the Very 

Rev..Dean Spence, D.D. 

The Book of Isaiah. By Prof. W. ROBERTSON Smith, M. A. 
The Book of Ezeklel. By the Rev. A. B. Davidson, D.D. 
The Epistles to the Colosslans and Philemon. By the 

Rev. H. C. G. MouLE, M.A. 

The Epistles to Timothy and Titus. By the Rev. A. E. 

Humphreys, M.A. 
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Ct)e Smaller Cambrttige Bttile tor §^t\isyt)\A, 



"The notes elucidate every possible difficulty with scholarly brevity and deamess." — Saturday 
Review. 

^ " We can cordially recommend this series of text-books, not only to those for whom it is 
primarily intended, but idso to the clergy and other workers for use in Bible-classes." — Church 
Review. 

. "Accurate scholarship is obviously a characteristic of their productions, and the work of 
simplification and condensation appears to have been judiciously and skilfully performed." — 
Guardian, 

Now ready. Price u. each. 

The Book of Joshua. By J. S. Black, M.A. 

The First and Second Books of Samuel. By Rev. Prof. 

KiRKPATRICK, B.D. 

The First and Second Books of Kings. By Rev. Prof. 

LUMBY, D.D. 

The Gospel according to St Matthew. By Rev. A. Carr, 

M.A. 

The Oospel according to St Mark. By Rev. G. F. 

Maclear, D.D. 

The GKospel according to St Luke. By Archdeacon 

Farrar, D.D. 

The Oospel according to St John. By Rev. A. Plummer, 

D.D. 

The Acts of the Apostles. By Rev. Prof. LuMBY, D.D. 
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€\it Cambrttigt erttfn Cedtament for ^tbntAi 

anti Colleges;^ 

with a Revised Text, based on the most recent critical authorities, and 
English Notes, prepared under the direction of the General Editor, 

The Bishop of Worcester. 

Now Ready. 

The Gospel according to St Matthew. By the Rev. A. 

Carr, M.A. With 4 Maps. 4J. 6d. 

" Copious illustrations, ^thered from a great variety of sources, make his notes a very valu- 
able aid to the student They are indeed remarkably interestine, while all explanations on 
meanings, applications, and the like are distinguished by their lucidity and good sense."— 
Pall Mall Gazette. 

The Gospel according to St Mark. By the Rev. G. F. 

Maclear, D.D. With 3 Maps. 4J. 6d, 

'' The Cambridge Greek Testament, of which Dr Maclear's edition of the Gospel according to 
St Mark is a volume, certainly supplies a want. Without pretending to compete with the leading 
commentaries, or to embody very much original research, it forms a most satisfactory introduction 
to the study of the New Testament in the original . . . Dr Maclear's introduction contains all that 
is known of St Mark's life, an account of the circumstances in which th6 Gospel was composed, 
an excellent sketch of the special characteristics of this Gospel ; an analysis, and a chapter on the 
text of the New Testament generally . . . The work is completed by three good maps." — Satur^ 
day Review. 

The Gospel according to St Luke. By Archdeacon 

Farrar. With 4 Maps. 6j. 

The Gospel according to St John. By the Rev. A 

Plummer, M.A., D.D. With 4 Maps. 6j. 

" A valuable addition has also been made to 'The Cambridge Greek Testament for Schools/ 
Dr Plummer's notes on ' the Gospel according to St John ' are scholarly, concise, and instructive, 
and embody the results of much thought and wide reading." — Expositor. 

The Acts of the Apostles. By the Rev. Prof. Lumby, D.D., 

with 4 Maps. 6j. 

The First Epistle to the Corinthians. By the Rev. J. J. 

Lias, M.A. 35. 

The Second Epistle to the Corinthians. By the Rev. J. J. 

Lias, M.A. [Nearly ready. 

The Epistle to the Hebrews. By Archdeacon Farrar, 

D.D. 3J. 6</. 

The Epistles of St John. By the Rev. A. Plummer, M.A., 

D.D. 4J. 



London ; C y. Cla y 6* Sons, Cambridge University Press Warehouse, 
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THE PITT PRESS SERIES. 

[Copies of the Pitt Press Series may generally be obtained bound in tivo parts for 

Class uset the text and notes in separate volumes J] 

I. GREEK. 
Aristophanes — Aves — Plutus — Ranae. With English 

Notes and Introduction by W. C. Green, M.A., late Assistant Master at 
Rugby School. 3^. 6d, each. 

Euripides. HeracleidsB. With Introduction and Explana- 
tory Notes by E. A. Beck, M.A., Fellow of Trinity Hall. $s. 6d, 

Euripides. Hercules Furens. With Introductions, Notes 

and Analysis. By A. Gray, M.A., Fellow of Jesus College, and J. T. 
Hutchinson, M. A., Christ's College. New Edition. 2s, 

Euripides. Hippol3rtus. By W. S. Hadley, M.A., Fellow 

of Pembroke Collie. 2s. 

Euripides. Iphigenia in Aulis. By C. E. S. Headlam, 

M. A., Fellow of Trinity Hall. 2J. 6d, 

Herodotus, Book V. Edited with Notes, Introduction and 

Maps by E. S. Shuckburgh, M. A., late Fellow of Emmanuel College. 3J. 

Herodotus, Book VI. By the same Editor. 4$". 
Herodotus, VIII. and IX. By the same Editor. 

[Nearly ready, 

Herodotus, Book VIII., Chaps. 1—90. Book IX., Chaps. 

I — 89. By the same Editor. 3J. (id, each. 
"We could not wish for a better introduction to Herodotus." — youmal of EducaiioH. 

Homer. Odyssey, Books IX. X. With Introduction 

Notes and Appendices. By G. M. Edwards, M.A., Fellow and Classical 
Lecturer of Sidney Sussex College, is. 6d. each. 

" Students of Homer will be delighted with Mr Edwards's book, for he never leaves any 
difficulty unexplained." — Saturday Review. 

Homer. Odyssey, Book XXI. By the same Editor. 2s, 
Homer. Iliad, Book VI. By the same Editor. 2s. 
Homer. Iliad, Book XXII. By the same Editor. 2s. 
Homer. Iliad, Book XXIII. By the same Editor. 2s. 
Luqiani Somnium Charon Piscator et de Luctu, with 

English Notes by W. E. Heitland, M.A., Fellow of St John's College, 
Cambridge. New Edition, with Appendix. 35. td, 

Luoian. Menippus and Timon. With Notes and Intro- 
duction by E. C. Mackie, B.A., late Classical Master at Heversham 
Grammar School. 3J. 6d, 

Platonis Apologia Socratis. With Introduction, Notes and 

Appendices by J. Adam, M.A., Fellow and Classical Lecturer of Emmanuel 
College, y. 6d. 
"A worthy representative of English Scholarship." — Classical Review. 

London: C. J. CLAY&* SoNS^ Cambridg^e University Prfss Warehouse^ 
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Platonis Crito. With Introduction, Notes and Appendix. 

By the same Editor. 2s. 6d. 

" Mr Adam, already known as the author of a careful and scholarly edition of the Apology 
of Plato, will, we think, add to his reputation by his work upon the Crito." — AauUmy. 

"A scholarly edition of a dialogue which has never been really well edited in English." — 
Guardian. 

Euthyphro. By the same Editor. 2J. 6d, 



Plutarch. Lives of the Gracchi. With Introduction, 

Notes and Lexicon by Rev. Hubert A. Holden, M.A., LL.D. 6s, 

Plutarch. Life of Nicias. With Introduction and Notes. 

By Rev. Hubert A. Holden, M.A., LL.D. 55. 

"This edition is as careful and thorough as Dr Holden's work always is." — Spectator. 

Plutarch. Life of Sulla. With Introduction, Notes, and 

Lexicon. By the Rev. Hubert A. Holden, M.A., LL.D. 6s, 

Plutarch. Life of Timoleon. With Introduction, Notes 

and Lexicon. By Rev. Hubert A. Holden, M.A., LL.D. 6s, 

Sophocles. Oedipus Tsrrannus. School Edition, with 

Introduction and Commentary, by R. C. Jebb, Litt. D., LL.D., Regius 
Professor of Greek in the University of Cambridge. 4J. 6d, 

Thucydides. Book VII. With Maps, Notes and Intro- 
duction. By Rev. H. A. Holden, M.A., LL.D. 5J. 

Xenophon. Agesilaus. The Text revised with Critical 

and Explanatory Notes, Introduction, Analysis, and Indices. By H. 
Hailstone, M.A., late Scholar of Peterhouse. 2s, 6d, 

Xenophon. Anabasis. Books I. III. IV. and V. With 

a Map and English Notes by Alfred Pretor, M.A., Fellow of St 

Catharine's College, Cambridge, is. each. 

"Mr Pretor's 'Anabasis of Xenophon, Book IV.' displays a union of accurate Cambridge 
scholarship, with experience of what is required by learners gained in examining middle-class 
schools. The text is large and clearly printed, and the notes explain all difficulties. . . . Mr 
Pretor's notes seem to be all that could be wished as regards grammar, geography, and other 
matters." — The Academy. 

II. VI. and VII. By the same. 2s, 6d, each. 

"Had we to introduce a young Greek scholar to Xenophon, we should esteem ourselves 
fortunate in having Pretor's text-book as our chart and guide." — Contemporary Review, 

Xenophon. Anabasis. By A. Pretor, M.A., Text and 

Notes, complete in two Volumes. 7^. 6d. 

Xenophon. Cyropaedeia. Books I. II. With Introduc- 
tion, Notes and Map. By Rev. H. A. Holden, M.A., LL.D. 1 vols. 
Vol. I. Text. Vol. II. Notes. 6s, 

" The work is worthy of the editor's well*eamed reputation for scholarship and industry."— 
AtAemeufH. 

Books III., IV., V. By the same Editor. 5^. 



" Dr Holden's Commentary is equally good in history and in scholarship." — Saturday Review. 

Books VI., VII., VIII. By the same Editor. S^- 



London: C. y. Clay ^ Sons, Cambridge University Press Warehouse^ 

Ave Maria Lane, 



40 CAMBRIDGE UNIVERSITY PRESS. 



II. LATIN. 
Beda'8 Ecclesiastical History, Books III., IV., the Text 

from the very ancient MS. in the Cambridge University Library, collated 
with six other MSS. Edited, with a life from the German of Ebert, and 
with Notes, &c. by J. E. B. Mayor, M.A., Professor of Latin, and J. R. 
LuMBY, D.D., Norrisian Professor of Divinity. Revised edition, 'js, 6d. 

Books I. and 11. [In the Press, 

"In Bede*s works Englishmen can go back to origines of their history, unequalled for 
form and matter by any modem European nation. Prof. Mayor has done good service in ren* 
dering a part of Bede's greatest work accessible to those who can read Latin with ease. He 
has adorned this edition of the third and fourth books of the ' Ecclesiastical History' with that 
amazing erudition for which he is unrivalled among Englishmen and rarely equalled by Germans. 
And however interesting and valuable the text may be, we can certainly apply to his notes 
the expression, La sauce vaut mieux que le poisson. They are literally crammed with interest- 
ing information about early English life. For though ecclesiastical in name, Bede's history treats 
of all parts of the national life, since the Church had points of contact with all." — Examiner. 

Caesar. De Bello Gallico. Comment. I. With Maps 

and English Notes by A. G. Peskett, M.A., Fellow of Magdalene 
College, Cambridge, is, 6d, 

Caesar. De Bello Gallico. Comment. II. III. By the 

same Editor. 2s, 

Caesar. De Bello Gallico. Comment. I. II. III. By the 

same Editor, ^s, 

Caesar. De Bello Gallico. Comment. IV. and V. By 

the same Editor, is. 6d, 

Caesar. De Bello Gallico. Comment. VII. By the same 

Editor. IS, 

Caesar. De Bello Gallico. Comment. VI. and Com- 
ment. VIII. by the same Editor, is, 6d, each. 

Caesar. De Bello Civili. Comment. I. By the same 

Editor. With Maps. 3^. 

Cicero. Actio Prima in C. Verrem. With Introduction 

and Notes. By H. Cowie, M. A., Fellow of St John's College, Cambridge. 
is, 6d. 

Cicero. De Amicitia. Edited by J. S. Reid, LittD., 

Fellow and Tutor of Gonville and Caius College. New Edition, y, 6d, 

"Mr Reid has decidedly attained his aim, namely, 'a thorough examination of the Latinity 

of the dialogue. ' The revision of the text is most valuable, and comprehends sundry 

acute corrections. . . . This volume, like Mr Reid's other editions, is a solid gain to the scholar- 
ship of the country." — Athefueum. 

**A pnore distinct gain to scholarship is Mr Reid's able and thorough edition of the De 
A mictttA of Cicero, a work of which, whether we regard the exhaustive introduction or the 
instructive and most suggestive commentary, it would be difficult to speak too highly. ... When 
we come to the commentary, we are only amazed by its fulness in proportion to its bulk. 
Nothing is overlooked which can tend to enlarge the learner's general knowledge of Ciceronian 
Latin or to elucidate the text."— Saturday Reinew. 

Cicero. De Senectute. Edited by J. S. Reid, LittD. 

Revised Edition, is, 6d, 

** The notes are excellent and scholarlike, adapted for the upper forms of public schools, and 
likely to be useful even to more advanced students." — Guardian. 
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Cicero. Divinatio in Q. Caecilium et Actio Prima in 

C. VERREM. With Introduction and Notes by W. £• Heitland, M.A., 
and Herbert Cowie, M. A., Fellows of St John's College, Cambridge. 3J. 

Cicero. Philippica Secunda. With Introduction and 

Notes by A. G. Peskett, M.A., Fellow of Magdalene College. 3J. (id, 

Cicero. Pro Archia Poeta. Edited by J. S. Reid, Litt.D. 

Revised Edition, is, 

" It is an admirable specimen of careful editing. An Introduction tells us everything we could 
wish to know about Archias, about Cicero's connexion with him, about the merits of the trial, and 
the genuineness of the speech. The text is well and carefully printed. The notes are clear and 
scholar-like. . . . No boy can master this little volume without feeling that he has advanced a long 
step in scholarship." — The Academy. 

Cicero. Pro Balbo. Edited by J. S. Reid, LittD. is, 6d, 

** We are bound to recognize the pains devoted in the annotation of these two orations to the 
minute and thorough study of their Latinity, both in the ordinary notes and in the textual 
appendices."— -^a^n/ay Review. 

Cicero. Pro Milone^ with a Translation of Asconius* Intro- 
duction, Marginal Analysis and English Notes. Edited by the Rev. John 
Smyth Purton, B.D., late President and Tutor of St Catharine's College. 
IS, 6d, 
"The editorial work is excellently done.** — The Academy, 

Cicero. Pro Murena. With English Introduction and 

Notes. By W. E. Heitland, M.A., Fellow and Classical Lecturer of 
St John's College, Cambridge. Second Edition, carefolly reyised. 3^. 

** Those students are to he deemed fortunate who have to read Cicero's lively and brilliant 
oration for L. Murena with Mr Heitland's handy edition, which may be pronounced 'four-square' 
in point of equipment, and which has, not without good reason, attained the honours of a 
second e6\t\oxi.**'-Saturday Review. 

Cicero. Pro Plancio. Edited by H. A. Holden, LL.D., 

Examiner in Greek to the University of London. New Edition. 4J. 6d. 

Cicero. Pro Sulla. Edited by J. S. Reid, Litt.D. 3^. 6d. 

" Mr Reid is so well known to scholars as a commentator on Cicero that a new work from him 
scarcely needs any commendation of ours. His edition of the speech Pro Sulla is fully equal in 
merit to the volumes which he has already published ... It would be difficult to speak too highly 
of the notes. There could be no better way of gaining an insight into the characteristics of 
Cicero's style and the Latinity of his period than by making a careful study of this speech with 
the aid of Mr Reid's commentary . . . Mr Reid's intimate knowledge of the minutest details of 
scholarship enables him to detect and explain the slightest points of distinction between the 
usages of different authors and difierent periods . . . The notes are followed by a valuable 
appendix on the text, and another on points of orthography ; an excellent index brings the work 
to a close." — Saturday Review. 

Cicero. Somnium Scipionis. With Introduction and 

Notes. By W. D. Pearman, M.A., Head Master of Potsdam School, 
Jamaica, is, 

Horace. Epistles^ Book I. With Notes and Introduction 

by E. S. Shuckburgh, M.A. is, 6d, 

Livy. Book IV. W^ith Notes and Introduction, by Rev. 
H. M. Stephenson, M.A. is. 6d, 

Livy. Book V. With Notes and Introduction by L. 

Whibley, M.A., Fellow of Pembroke College, is, 6d,, 

Livy. Book IX. With Notes and Introduction by Rev. 
H. M. Stephenson, M.A. is, 6d, 

Livy. Book XXL With Notes, Introduction and Maps. 

By M. S. DiMSDALE, M.A., Fellow of King's College, is, 6d. 

London : C y. Cla y 6^ Sons^ Cambridge University Press Warehouse^ 
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Iiivy. Book XXII. By the same Editor. 2s. 6d, 

Iiivy. Book XXVII. By Rev. H. M. Stephenson, M.A. 

Lucan. Pharsalia. Liber Primus. Edited with English 

Introduction and Notes by W. E. Heitland, M.A. and C. E. Haskins, 
M.A., Fellows and Lecturers of St John's College, Cambridge, is. 6d. 

** A. careful and scholarlike production." — Times. 

" In nice parallels of Lucan from Latin poets and from Shakspeare, Mr Haskins and Mr 
Heitland deserve ^T9xsit.**—Saturday Review. 

^ Iiucretius. Book V. With Notes and Introduction by 

\ J. D. Duff, M. A., Fellow of Trinity College. 2s. 

\ Ovid. Fasti. LiBER VI. With a Plan of Rome and Notes 

by A. SiDGWiCK, M. A., Tutor of Corpus Christi College, Oxford, is. 6d. 

** Mr Sidgwick's editing of the Sixth Book of Ovid's Fasti furnishes a careful and serviceable 

f volume for average students. It eschews * construes ' which supersede the use of the dictionary, 

but gives full explanation of grammatical usages and historical and mythical allusions, besides 

illustrating peculjaiities of style, true and false derivations, and the more remaiicable variations of 

Che text.* — Saturday Review. 

QiiintUB Curtius. A Portion of the History. (ALEXANDER 

IN India.) By W. E. Heitland, M.A., Fellow and Lecturer of St 

John's College, Cambridge, and T. E. Raven, B.A., Assistant Master in 

Sherborne School, y. 63. 

''E^qually commendable as a genuine addition to the existing stock of school-books is 
Alexander in India^ a compilation from the eighth and ninth books of Q. Curtius, edited for 
the Pitt Press by Messrs Heitland and Raven. . . . The work of Curtius has merits of its 

OMm, which, in former generations, made it a favourite with English scholars, and which still 
make it a popular text-book in Continental schools. ..... The reputation of Mr Heitland is a 

sufficient guarantee for the scholarship of the notes, which are ample without being excessive, 
and the book is well furnished with all that is needful in the nature of maps, indices, and 
appendices.*' —Academy. 

Vergil. The Complete Works, edited with Notes, by A. 

SiDGWiCK, M.A., Tutor of Corpus Christi College, Oxford. Two vols. 

Vol. I. containing the Text and Introduction, y. 6d. Vol. II. The 

Notes. 4^. 6d. 

" The book should be in the hands of every student of Vergil. It contains in a convenient 
and compendious form almost all that has been said on the subject that is worth saying, and omits 
what should be omitted : it is a sensible selection from the superfluous mass of commentation 
under which the poet has long been buried. It is impossible to speak too highly of it in this 
respect. Introduction, notes, and index are masterpieces of usefulness and brevity." — Oxford 
Magazine. 

VergU. Aeneid. Libri I., II., III., IV., V., VI., VII., 

VIII., IX., X., XL, XII. By the same Editor, is. 6d. each. 

'• Mr Sidgwick's Vergil is we believe, the best school edition of the i^oct.'*— Guardian. 

** Mr Arthur Sidgwick's ' Vergil, Aeneid, Book XII.' is worthy of his reputation, and is dis- 
tinguished by the same acuteness and accuracy of knowledge, appreciation of a boy's difficulties 
and ingenuity and resource in meeting them, which we have on other occasions had reason to 
praise in these pages." — TAe Academy. 

"As masterly in its clearly divided preface and appendices as in the sound and independent 
character of its annotations. . . . There is a great deal more in the notes than mere compilation 
and suggestion. . . . No difficulty is left unnoticed or unhandled." — Saturday Review. 

Vergil. Bucolics. With Introduction and Notes, by the 

same Editor, is. 6d. 

Vergil. Georgics. Libri I. II. By the same Editor. 

IS. Libri III. IV. 2s. 

" This volume, which completes the Pitt Press edition of Virgil's Georgics, is distinguished by 
the same sulmirable iudgment and first-rate scholarship as are conspicuous in the former volume 
and in ihe "Aeneid ' by the same talented t^dxtOT."—Athenaum. 
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III. FRENCH. 
Comeille. La Suite du Menteur. A Comedy in Five 

Acts. Edited with Fontenelle's Memoir of the Author, Voltaire's Critical 
Remarks, and Notes Philological and Historical. By the late Gustave 
Masson. 2J. 

De Bonnechose. Lazare Hoche. With Four Maps, In- 
troduction and Commentary, by C. Colbeck, M.A., late Fellow of Trinity 
College, Cambridge. Revised Edition, is, 

D'HarleviUe. Le Vieux C^libataire. A Comedy. With 

a Biographical Memoir, and Grammatical, Literary and Historical Notes. 
By Gustave Masson. 2j. 

De Iiamartine. Jeanne D'Arc. With 2 Maps and Notes 

Historical and Philological by Rev. A. C. Clapin, M.A., St John's 
College, Cambridge. Revised Edition by A. R. Ropes, M.A., late Fellow 
of King's College, is, 6d, 

De Vigny. La Canne de Jonc. Edited with Notes by 

H. W. Eve, M.A., Head Master of University College School, London. 
IS. 6d. 

Erckmann-Chatrian. La Guerre. With Map, Introduc- 
tion and Commentary by the Rev. A. C. Clapin, M. A. 3^. 

La Baronne de Stael-Holstein. Le Directoire. (Con- 
siderations sur la Revolution Fran^aise. Troisieme et quatri^me parties.) 
With a Critical Notice of the Author, a Chronological Table, and Notes 
Historical and Philological, by G. Masson, B.A., and G. W. Prothero, 
M.A. Revised and enlarged Edition, is, 

" Prussia under Frederick the Great, and France under the Directory, bring us face to face 
respectively with periods of history which it is right should be known thoroughly, and which 
are well treated in the Pitt Press volumes. The latter in particular, an extract from the 
world-known work of Madame de Stael on the French Revolution, is beyond all praise for 
the excellence both of its style and of its matter." — Times. 

La Baronne de Stael-Holstein. Diz Annies D'Ezil. 

LiVRE II. Chapitres I — 8. With a Biographical Sketch of the Author, 
a Selection of Poetical Fragments by Madame de StaePs Contemporaries, 
and Notes Historical and Philological. By Gustave Masson and G. W. 
Prothero, M.A. Revised and enlarged edition, is, 

Lemercier. FrM^gonde et Brunehaut. A Tragedy in 

Five Acts. Edited with Notes, Genealogical and Chronological Tables, a 
Critical Introduction and a Biographical Notice. By Gustave Masson. is. 

Molidre. Le Bourgeois Gentilhomme^ Com^die-Ballet en 

Cinq Actes. (1670.) With a life of Moliere and Grammatical and Philo- 
logical Notes. By Rev. A. C. Clapin. Revised Edition. \s, 6d. 

Molidre. L^Eoole des Femmes. Edited with Introduction 

and Notes by George Saintsbury, M.A. is, 6d. 

"Mr Saintsbur/s clear and scholarly notes are rich in illustration of the valuable kind that 
vivifies textual comment and CT\\Ac\&m*'-Saturday Review. 

Moliire. Lea Pr^oieuses Ridicules. With Introduction 

and Notes by E. G. W. Braunholtz, M. A., Ph.D. University Lecturer in 
French, is. 

Abridged Edition, is. 
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Piron. La Metromaine^ A Comedy, with a Biographical 

Memoir, and Grammatical, Literary and Historical Notes. By G. Masson. is, 

Racine. Les Plaideurs. With Introduction and Notes by 

by E. G. W. Braunholtz, M.A., Ph.D. is, 

Abridged Edition, ij-. 

Sainte-Beuve. M. Daru (Causeries du Lundi, Vol. IX.). 

With Biographical Sketch of the Author, and Notes Philological and Histo- 
rical. By GusTAVE Masson. is, 

Saintine. La Picciola. The Text, with Introduction, 

Notes and Map, by Rev. A. C. Clapin. is. 

Scribe and Legouv^. Bataille de Dames. Edited by 

Rev. H. A. Bull, M.A. is. 

Scribe. Le Verre D'Eau. With a Biographical Memoir. 

and Grammatical, Literary and Historical Notes. By C. Colbeck, M.A. is. 

" It may be national prejudice, but we consider this edition far superior to any of the series 
ch hitherto have been edited exclusively by foreigners. Mr Colbeck seems better to under- 
stand the wants and difficulties of an Enelish boy. The etymological notes especially are admi- 



which hitherto have been edited exclusively by foreigners. Mr Colbeck seems better to under- 

iglish boy. The et_ ' _ " 
rable. . . . The historical notes and introduction are a piece of thorough honest'work.*' — Journal 



of Education. 

SMaine. Le Philosophe Sans le Savoir. Edited with 

Notes by Rev. H. A. Bull, M.A., late Master at Wellington College, is. 

Thierry. Lettres sur I'histoire de France (XIII. — 

XXIV.). By GusTAVE Masson, B.A. and G. W. Prothero, M.A. With 
Map. IS. 6d, 

Thierry. R^cits des Temps M^rovingiens I. — III. 

Edited by Gustave Masson, B.A. Univ. Gallic, and A. R. Ropes, M.A. 
With Map. 3^. 

Villemain. Lascaris^ ou les Grecs du XV^. Siecle, 

Nouvelle Historique, with a Biographical Sketch of the Author, a Selection 
of Poems on Greece, and Notes Historical and Philological. By Gustave 
Masson, B.A. is. 

Voltaire. Histoire du Siecle de Louis XIV. Part I. 

Chaps. I. — XIII. Edited with Notes Philological and Historical, Biogra- 
phical and Geographical Indices, etc. by G. Masson, B.A. Univ. Gallic, 
and G. W. Prothero, M.A., Fellow of King's College, Cambridge, is. 6d. 

- — Part II. Chaps. XIV.— XXIV. With Three Maps 

of the Period. By the same Editors, is. 6d. 

Part III. Chap. XXV. to the end. By the same 



Editors, is. 6d. 

Xavier de Maistre. La Jeune Sib^rienne. Le L^preuz 

DE LA CIT£ D'AOSTE. With Biographical Notice, Critical Apprecia- 
tions, and Notes. By G. Masson, B.A. is. 6d. 



Random Exercises in French Grammar. Homonyms 

and Synonyms for Advanced Students, by L. Boquel, Lecturer at 
Emmanuel and Newnham Colleges. Crown 8vo, 3J. 6d. 

Key to the above by the same. Crown 8vo. 10s. 6d. (net). 
Exercises in French Composition for Advanced Students. 

By the same. Demy 8vo. 5^. 6d. (net). 
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IV. GERMAN. 
Ballads on German History. Arranged and Annotated by 

W. Wagner, Ph. D., late Professor at the Johanneum, Hamburg, is, 

"It carries the reader rapidly through some of the most important incidents connected with 
the German race and name, from the invasion of Italy bv the Visigoths under their king Alaric, 
down to the Franco>German War and the installation of tne present Emperor. The notes supply 
very well the connecting links between the successive periods, and exhibit in its various phases of 
growth and progress, or the reverse, the vast unwieldy mass which constitutes modem Germany." 
— Times. 

Benedix. Doctor Wespe. Lustspiel in fiinf Aufzugen. 

Edited with Notes by Karl Hermann Breul, M.A., Ph.D. 3J. 

Fresrtag. Der Staat Friedrichs des Grossen. With 

Notes. By Wilhelm Wagner, Ph.D. w. 

German Dactylic Poetry. Arranged and Annotated by 

the same Editor. 3J. 

(Soct^e'd itnabcnja^re. (1749--1761.) Goethe^s Boyhood : 

being the First Three Books of his Autobiography. Arranged and Anno- 
tated by W. Wagner, Ph.D. New Edition. Revised and enlarged by 
J. W. Cartmell, M.A., Fellow of Christ's College. 2j. 

Goethe's Hermann and Dorothea. With an Introduction 

and Notes. By the same Editor. New Edition. Revised by J. W. 
Cartmell, M.A. 3J. dd, 

"The notes are among the best that we know, with the reservation that they are often too 
abundant " — A cademy. 

Gutzkow. Zopf. und Schwert. Lustspiel in fiinf Auf- 

zUgen von. With a Biographical and Historical Introduction, English 
Notes, and an Index. By H. J. Wolstenholme, B.A. (Lond.). 3J. dd, 

"We are glad to be able to notice a careful edition of K. Gutzkow's amusing comedy 
'Zopf and Schwert' by Mr H. J. Wolstenholme. . . . These notes are abundant and contain 
references to standard grammatical works." — Academy. 

Hauff. Da4i Bild des Kaisers. Edited by Karl Hermann 

Breul, M.A., Ph.D. 3J. 

HaufT. Das Wirthshaus im Spessart. Edited by A. 

ScHLOTTMANN, Ph. D., late Assistant Master at Uppingham School. 3J. 6d, 

Hauff. Die Karavane. Edited with Notes by A. 

SCHLOTTMANN, Ph. D. 3 J. 

Immermann. Der Oberhof. A Tale of Westphalian Life. 

With a Life of Immermann and English Notes, by Wilhelm Wagner, 
Ph.D., late Professor at the Johanneum, Hamburg. 3J. 

Kohlrausch. Da« 3a^r 1813 (The Year 1813). With 

English Notes. By W. Wagner, is. 

Lessing and Oellert. Selected Fables. Edited with 

Notes by Karl Hermann Breul, M. A., Ph. D., Lecturer in German at 
the University of Cambridge. 3^. 

Mendelssohn's Letters. Selections from. Edited by 

James Sime, M.A. y. 
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Raumer. !Det erfte i(reu}jug (The First Crusade). Con- 
densed from the Author's 'History of the Hohenstaufen', with a life of 
Raumer, two Plans and English Notes. By W. Wagner. 2j. 

" Certainly no more interesting book could be made the subject of examinations. The story 
of the First Orusade has an undymg interest. The notes are, on the whole, good." — Educational 
Times. 

Riehl. Culturgeschichtliche Novellen. With Gramma- 
tical, Philological, and Historical Notes, and a Complete Index, by H. J. 
WoLSTENHOLME, B.A. (Lond.). 3J. 6d, 

8!3T'"f r_ _^ggihelm Tell. Edited with Introduction and 

Notes byKAKti HERMANN Breul, M.A., Ph.D., University Lecturer in 
German. 2J. 6d, 

Abridged Edition, is. 6d. 

Uhland. Ernst, Herzog von Schwaben. With Intro- 
duction and Notes. By H. J. Wolstenholme, B.A. (Lond.), Lecturer in 
German at Newnham College, Cambridge, y. 6d. 



V. ENGLISH. 
Ancient Philosophy: A Sketch of, fY*om Thales to 

CICERO, by Joseph B. Mayor, M. A. 3J. 6d. 

"Professor Mayor contributes to the Pitt Press Series A Sketch of Ancient Philosophy in 
which he has endeavoured to give a general view of the pEilosophical systems illustrated by the 
genius of the masters of metaphysical and ethical science from Thales to Cicero. In the course 
of his sketch he takes occasion to give concise analyses of Plato's Republic, and of the Ethics and 
Politics of Aristotle ; and these abstracts will be to some readers not the least useful portions of 
the book." — The Guardian. 

A Discourse of the Commonwealf of thys Realme of 

ENGLANDE. First printed in 1581 and commonly attributed to W. S. 
Edited from the MS S. by Elizabeth Lam on d. [In the Press. 

An Apologie for Poetrie by Sir Philip Sidney. Edited, 

with Illustrations and a Glossarial Index, by E. S. Shuckburgh, M.A, 
The text is a revision of that of the first edition of 1595. y. 

Aristotle. Outlines of the Philosophy of. Compiled by 

Edwin Wallace, M.A., LL.D. (St Andrews), late Fellow of Worcester 
College, Oxford. Third Edition Enlarged. 4J. 6d. 

"A judicious selection of characteristic passages, arranged in paragraphs, each of which is 
preceded b^ a masterly and perspicuous English analysis." — Scotsman. 

" Gives in a comparatively small compass a very good sketch of Aristotle's teaching." — Sat. 
Review. 

Bacon^s History of the Reign of King Henry VII. 

With Notes by the Rev. J. Rawson Lumby, D.D. 3J. 

Cowley's Essays. With Introduction and Notes. By the 

Rev. J. Rawson Lumby, D.D., Norrisian Professor of Divinity; Fellow 
of St Catharine's College. 4J. 

BKilton's Arcades and Comus. Edited, with Introduction, 

Notes and Indexes, by A. W. Verity, M.A., sometime Scholar of Trinity 
College. 3J. 

"Eine ungemein fleissige Arbeit Die Einleitung enthSlt einen griindlichen Aufsatz fiber 

die Englische Maskendichtung. Der eigentliche Werth des Buches 1st jedoch in den fiber- 
reichlichen Anmerkungen zu suchen, welche einerseits den Bedfirfnissen des lembegierigen 
Sch filers genugen sollen, andrerseits aber auch den Fachgelehrten manche neue AunclSrung 
bringen." — Beilage zur A llgemeitien Zeitung. 

''Will secure an audience much larger than that for which it has, no doubt, been originally 
intended. It contains not only the text of "Arcades " and " Comus," and very full notes upon 
them^ but a Life of Milton, and a very elaborate and interesting historical essay on "The 
English Masque." — Spectator. 
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Miltoii'8 Ode on the Morning of Christie Nativity, 

L'ALLEGllO, IL PENSEROSO, AND LYCIDAS. By the same Editor. 
IS, 6d. 

Milton's Samson Agonistes, with Introduction, Notes and 

Indexes by the same Editor, is, 6d, 

Milton's Paradise Lost. Books XI. and XII. By the 

same Editor. [In the Press, 

More's History of King Richard III. Edited with Notes, 

Glossary and Index of Names. By J. Rawson Lumby, D.D. to which is 
added the conclusion of the History of King Richard III. as given in the 
continuation of Hardyng's Chronicle, London, 1543. is, 6d, 

More's Utopia. With Notes by the Rev. J. Rawson 

Lumby, D.D. y, 6d, 

** It was originally written in Latin and does not find a place on ordinary bookshelves. A very 
great boon has therefore been conferred on the general English reader by the managers of the 
Pitt Press Series, in the issue of a convenient little volume of More*s Utopia not in the original 
Latin, but in the quaint English Translation thereof made bv Raphe Robynson, which adds a 
linguistic interest to the intrinsic merit of the work. . . . All this has been edited in a most com- 
plete and scholarly fashion by Dr J. R. Lumby, the Norrisian Professor of Divinity, whose name 
alone is a sufficient warrant for its accuracy. It is a real addition to the modem stock of classical 
English literature." — Guardian. 

The Two Noble Kinsmen^ edited with Introduction and 

Notes by the Rev. Professor Skeat, Litt.D., formerly Fellow of Christ's 

College, Cambridge, is, 6d. 

"This edition of a play that is well worth study, for more reasons than one, by so careful a 
scholar as Mr Skeat, deserves a hearty welcome." — Athenaum. 

"Mr Skeat is a conscientious editor, and has left no difficulty unexplained." — Timet. 



Vl. EDUCATIONAL SCIENCE. 
Comenius. John Amos, Bishop of the Moravians. His 

Life and Educational Works, by S. S. Laurie, M.A., F.R.S.E., Professor of 
the Institutes and History of Education in the University of Edinburgh. 
New Edition, revised, ^s, 6d, 

Education. Three Lectures on the Practice of. I. On 

Marking, by H. W. Eve, M.A. II. On Stimulus, by A. Sidgwick, M.A. 
III. On the Teaching of Latin Verse Composition, by E. A. Abbott, D.D. 2s, 

Locke on Education. With Introduction and Notes by 

the late Rev. R. H. Quick, M.A. y, 6d, 

** The work before us leaves nothing to be desired. It is of convenient form and reasonable 
price, accurately printed, and accompanied by notes which are admirable. There is no teacher 
too young to find this book interesting; there is no teacher too old to find it profitable." — The 
School Bulletin, New York. 

Milton^s Tractate on Education. A facsimile reprint from 

the Edition of 1673. Edited, with Introduction and Notes, by Oscar 
Browning, M.A. 2s, 

*' A separate reprint of Milton's famous letter to Master Samuel Hartlib was a desideratum, 
and we are grateful to Mr Browning for his elegant and scholarly edition, to which is prefixed the 
careful risumi of the work given in his 'History of Educational Theories.'" — Journal of 
Education. 

Modem Languages. Lectures on the Teaching of^ 

delivered in the University of Cambridge in the Lent Term, 1887. By 
C. COLBECK, M.A., Assistant Master of Harrow School. 2s, 

On Stimulus. A Lecture delivered for the Teachers' 

Training Syndicate at Cambridge, May 1882, by A Sidgwick, M.A. \s. 



London : C. J. Cla y &» Sons, Cambridge University Press Warehouse, 

Ave Maria Lane, 



